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THE SURPRISING ECONOMICS OF 


BONDSTRAND 


... the pipe designed for corrosive chemicals 


age of F Pa 


A 20’ length of 6” schedule 40 
carbon steel pipe weighs 398 
Ibs. Crane required for lifting. 


' 


A 
Cutting steel pipe takes four (or 
more) times longer than Bond- 


strand. 


Two men required to bevel, 
clean, position, center and level 
a 90° elbow before welding. 


"ORS 


Welder and helper required to 


tack weld, check alignment, make 
stringer weld and grind, make 
flush weld and grind again, 
make cover weld, grind and wire 
brush. 


A 20’ length of 6” Bondstrand 
pipe weighs only 60 pounds. One 
man can lift and carry. 


Bondstrand is cut with ordinary 
hacksaw. Preheating not re- 
quired. 


Only one man required to apply 
adhesive and position a 90° 
Bondstrand elbow. It aligns itself. 


One man with a hammer and a 
two-by-four makes the Bond- 
strand Quick-Lock joint in a 
matter of seconds. Important: 
Bondstrand pipe may be han- 
died immediately; no waiting for 
adhesive to cure. 


IT TOOK 65 MINUTES TO WELD ONE ELBOW TO STEEL PIPE. ONE MAN 
MADE THE SAME ASSEMBLY WiTH BONDSTRAND IN ONLY 10 MINUTES! 


Dept.GW, 4809 Firestone Bivd., South Gate, California 
111 Coigate Ave. 


921 Pitner Ave. 
Evanston, Iti. 


360 Carnegie Ave. 
Kenilworth, N. J. 


Buffaio, N. Y. 


BONDSTRAND, the fiber glass reinforced epoxy pipe, 
handles nearly every corrosive solution—acids, salts, 
alkalies—used in industry today. It will withstand 
pressures up to 550 psi and temperatures up to 
300°F. So will the complete line of BONDSTRAND 
fittings, 2” through 12”. 


The smooth, abrasion-resistant inner surface per- 
manently retains its excellent flow characteristics 
(Hazen-Williams formula C=150) and thus often 
permits use of one-size-smaller diameter pipe. 
BONDSTRAND is only one-eighth the weight of steel 
and because it resists exterior as well as interior cor- 
rosion it does not require continual maintenance 
painting. 

BONDSTRAND versatility is unmatched by any other 
pipe—metallic, thermoplastic, glass or lined. What 
does this superiority cost? Less than you may sus- 
pect. Here is how BONDSTRAND compares with car- 
bon steel in this simple pipe layout: 


as TOTAL COST 
< wa | °)* OF MATERIAL 
‘ AND LABOR 


Schedule 40 Carbon Steel Pipe 
With Welding Elbows $225.63 
Series 4000 Bondstrand Pipe 
With Bondstrand Elbows $287.40 
Figures shown are from a strict time-and-cost study 
conducted by one of Southern California’s leading inde- 
pendent piping and engineering firms. 


This means that in this layout you get all the advantages 
of BoNDSTRAND for only 21.7% more than ordinary car- 
bon steel pipe. (In complex process piping, BONDSTRAND 
can actually cost less.) In Schedule 40 stainless steel, 
which approximates BONDSTRAND’s chemical resistance, 
the layout would cost $1,287.50—348% more than 
BONDSTRAND! 


To evaluate the superiority of BONDSTRAND pipe for your 
specific requirements, write for complete technical data. 


CORPORATION 


2404 Dennis St. 
Jacksonville, Fla. 


6530 Supply Row 
Houston, Tex. 
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| Hot-dip Galvanizing gives you 


dividends in protection 


Nowery J. Smith Co. hot-dip galvanizing 
gives you sure long-term metal protection. Hot- 
dip galvanizing affords the advantages of com- 
plete and uniform zinc coating on complex 
shapes, inside surfaces and other hard-to-reach 
areas. Nowery J. Smith Co. has the largest 
hot-dip galvanizing facilities in the Southwest. 
Items up to 63-foot structural beams can he 


hot-dip zinc galvanized at the Company’s 
Houston plant. 

Nowery J. Smith Co. also offers sand 
and shot blasting, metallizing, prime coat- 
ing and painting, pickling, oiling, polyvinyl 
chloride PLASTISOL coating and other spe- 
cial protective coatings. We are exclusive in 
the Southwest for application of Goodyear 
Rubber Company’s PLIOWELD Linings. 


Cal/ today for complete 
information on how Nowery NOWERY J. SMITH CO. 


J. Smith Co. corrosion pro- 
tection can give your expen- 
sive equipment longer 


UNderwood 9-1425 
P. 0. BOX 7398 ONE OF THE SMITH INDUSTRIES — 


service life! 8000 HEMPSTEAD HIGHWAY 


HOUSTON 8, TEXAS 





This Month in -Corrosion Control .. . 


ACCELERATED TESTING of metals for resistance to 
erosion and corrosion is described in the Technical Topic 
beginning on Page 9. Tests were made on several stain- 
less steels, wrought steels, hardened wrought steels, 
hardened cast steels and a proprietary wrought stainless 
for use in appliances requiring resistance to erosion.and 


corrosion. 


PUMP AND VALVE PARTS made of titanium for oil 
field service have. been laboratory and field tested. 
Described in detail in a Technical Topic beginning on 
Pages 16 and 17, these tests indicated that titanium is 
suitable for use in gas lift valves but not suitable for oil 


well pumps but might perform better if hardened. 


CHLORINATED POLYETHER COATINGS pro- 
duced by water suspension system can be used to protect 
mild steel, stainless, Hastelloys, copper, brass and bronze 
in a variety of severe conditions, according to the Tech- 
nical Topic beginning on Pages 32 and 33. Tabular data 
show some of the inorganic and organic materials which 
these coatings resist effectively to 200 F. Also given are 
corrosion tests on these coatings applied in the lab to 


mild steel. 


RESISTANCE TO DOWN-HOLE CORROSIVES is 
claimed for a fibrous polypropylene core for oil field wire. 
An article on Page 37 describes the wire’s satisfactory 
service for one year as a swabbing line in West Texas 
with exposures to corrosive acids and temperatures to 


280 F. 


EF FECT OF SULFIDE on corrosion of refinery crude 
unit overhead equipment is described in an article be- 
ginning on Page 86. This study shows that optimum 
operating conditions are established through careful in- 
jection of ammonia to control pH, redox and sulfide 
content of the overhead water. Application of the find- 


ings of this investigation to refinery practice is illustrated. 


CORROSION, November, 1961 


ACCEPTABLE CONSTRUCTION MATERIALS for 
chemical plant waste disposal facilities are listed with 
their average corrosion rates in the article beginning on 
Page 91. This article illustrates the corrasion problems 
encountered in the biological treatment of chemical 
wastes and stream pollution abatement. Tests described 
were conducted in a pilot plant handling liquid wastes 
from several facilities including a major chemical plant, 
an oil refinery, a zinc plant, a fertilizer and domestic 


sewage. 


TWO-THOUSAND HOUR TESTS were made to de- 
termine the suitability of aluminum as a substitute ma- 
terial for nickel for fabrication of military sea water 
distillation equipment. Reason for this study was to have 
a substitute material for portable distillation units be- 
cause nickel would have priority during an emergency 
for use on missiles, aircraft and other military equipment. 
See Page 98. 


FOLLOW-UP LEAKAGE CONDUCTANCE SUR- 
VEYS made at 10-mile intervals along 335 miles of pipe 
with a continuous asphalt mastic coating are discussed 
on Page 101. This report outlines the methods of test 
used, describes test results and gives detailed information 


about coating failures found during this survey. 


CHEMICAL RESISTANCE OF EPOXY RESINS can 
be affected by hardener composition, according to the 
article beginning on Page 104. This experimental pro- 
cedure involved curing a conventional liquid epoxy resin 
with five different hardeners. Tests were made in 13 
media including hydrochlorid acid, nitric acid and 
caustic soda. Diaminodiphenyl sulfone gave resins the 


best over-all chemical resistance. 


CAVITATION DAMAGE and its prevention are dis- 
cussed from an electrochemical approach in an article 
beginning on Page 107. A unified»theory is given in the 
relationship between electrochemical and mechanical 
factors causing damage to materials subject to cavitating 


environments. 
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MPATIENCE with and inattention to small 
details by one who otherwise follows the best 


practices in seeking to prevent corrosion may pro- 
duce failure when success is fully certain other- 
wise. The ability to handle details, more often 
than not, marks the man who can be relied on to 
do a satisfactory job. One who cannot handle 
them may be successful, or may not; at best his 
performance will be unpredictable. 

Examples of the care and foresight required to 
carry out successfully a corrosion control scheme 
are given below. These are only a few of the 
many similar examples that could be cited. They 
also show why the corrosion worker must know 
what he is doing. They show, in some cases, that 
very close supervision over the work of others may 
be required to make success certain. 


Case No. 1—The Overlooked Blasting Debris. 

A phenolic coating inside a brewery tank per- 
forated when workmen hand-cleaning the tank 
stepped on the bottom, grinding sand from the 
surface preparation step (and overlooked in vac- 
uuming the tank) into the coating spread over 
it, causing pinholes. It was necessary to add ca- 
thodic protection to avoid product contamination 
by rust. 


Case No. 2—Add Enough Fluoride to Passivate. 

Hafnium-free zirconium’s corrosion rate in hy- 
drofluoric acid will be increased when small 
amounts of fluoride are added. When larger 
amounts are added, however, passivation ensues. 
Moral: Be sure to add enough. 


Case No. 3—Be Sure You Are Really Remote. 
Potential readings taken in the vicinity of a 
cathodically protected underground structure can 
be misleading. Finding the so-called “remote 
ground” to obtain reliable data involves both an 
understanding of electrical circuitry and of the 
effect of protected and unprotected structures in 
the environment as well as the unavoidable er- 
rors in the accuracy of measurements. The novice, 
following what he believes to be well-founded 
principles in taking his measurements, may never- 
theless be led to completely false conclusions if he 
selects reference points which happen to be in the 
wrong part of the electrical field or fails to take 
errors in measurements into account. 









; | Little Things Are Important for Corrosion Control Success| 


Case No. 4—Unexpected Contents of Commonly 

Used Materials. 

Corrosion of mating surfaces attributed to vari- 
ous causes, including galvanic corrosion, may in 
fact be a result of chlorides in packing. The care 
that must be used in selecting what otherwise is 
a relatively unimportant material is understood 
when it is realized that chlorides in asbestos yarn 
may be as much as 115 ppm. Also there is a dif- 
ference between the corrosion reactions of natural 
and artificial graphite in some aqueous environ- 
ments. 


Case No. 5—The Better Material 
Sometimes Isn’t. 
In packaging zinc plated materials for storage, 


especially in humid environments it would seem 
logical to choose a plywood box over a corru- 
gated carton. Experience shows, however, that in 
many instances there will be less corrosion of the 
plated materials in the cardboard carton than in 
the wooden box. This happens because acetates 
sometimes present in plywoods may be leached 
out by vapor and accelerate corrosion. 


Case No. 6—Welding Slag Needs to Come Off. 
Don’t go halfway in removing welding slag be- 
fore painting. Pre-oiling of the surface to be 
welded will reduce cleaning time by two-thirds 
to three-quarters. If you leave the slag on, your 
coating will fail. Sandblasting is the preferred 
method of removal, if you want to be sure. 


Case No. 7—Use Any Old Bolts When 

You Bury Them. 

This is a false doctrine. Select bolts for fasten- 
ing structures to be buried or submerged with 
care. They should be selected to be cathodic to 
the metals with which they are connected. Bolts 
which are anodic may fail rapidly, especially if 
the environment is very aggressive. 


Case No. 8—Beware of Crevice Corrosion 

With Titanium. 

In some acidic environments in which it is 
normally passive, titanium will corrode when 
crevices of certain geometry exist. When fabri- 
cating titanium, therefore, extreme care must be 
used to avoid these crevices. A little extra care 
here makes the difference between success and 
failure. 
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All the advantages of hot-dip galvanizing 
PLUS job-site application with CARBO ZINC 11 


INORGANIC ZINC COATING is rapidly gaining recognition as the ultimate for basic 
protection of steel. For example, a large Gulf area chemical plant now under construction 
specified zinc—both hot-dip galvanizing and Carbo Zinc 11 inorganic zinc coating. Both 
methods are equal in performance and galvanic protection—the choice is a matter of 


economics. 
HOT-DIP GALVANIZING is generally best for small pieces and irregular shapes: handrails, 
angles, floor gratings, ladders, etc. 


CARBO ZINC 11 is best where these exclusive advantages count: 
e Application can be made on the job-site. e Field welding can be touched up. 
e Old steel, in place, can be galvanically e Only one side need be coated, such as 
protected. storage tanks. 
e Repairs can be made in the field. e All sizes and shapes can be coated. 


EASY TO APPLY with spray or brush in any kind of weather. Water insoluble in 20 minutes. 
WRITE for analysis of costs “‘When to Hot-Dip Galvanize—and When to Use Carbo Zinc 11.” 


Ss 
Maintenance Coatings with Experience...| € @ ¥ ee & f ine 
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32-A Hanley Industrial Ct. ¢ St. Louis 17, Mo. 





R. L. Hadley and H. J. Smith 


General Electric Company 
Louisville, Kentucky 


Abstract 
Because some metals used in appliances 
must have both erosion and corrosion re- 
sistance, a series of accelerated tests was 
made on several stainless unhardened 
wrought steels, hardened wrought steels, 
hardened cast steels and a proprietary 
wrought stainless iron. Tests consisted of 
exposing specimens for 100 hours in a 
continuously circulating 4 percent NaCl 
solution at 150 F with aluminum oxide 
pellets as abrasive. Rotating test vessel 
was inclined to produce tumbling action 
of pellets. Both weight and edge losses 
were considered in judging results. Cast 
420 or wrought 431 stainless steel was 
found to perform best. 2.3.%,:3.8.3 


Introduction 


UMEROUS APPLICATIONS of 


materials in appliances require good 
resistance to both corrosive action and 
abrasion. Unfortunately, metals eco- 
nomically applicable in appliances and 
which have the required resistance to 
corrosion, aluminum, stainless steel- and 
copper, for example, are not notably 
high in abrasion resistance. 


Both properties can be improved by 
means of porcelain enamel, sprayed 
metal coatings, anodizing, or by alloy- 
ing, to produce such materials as hard- 
enable stainless steels or beryllium 
copper. Coatings, however, have limited 
usefulness because of brittleness, proc- 
essing problems, and lack of continuity. 

Abrasion and/or corrosion affect ap- 
pliances in one or more of the follow- 
ing ways: 

1. Perforation of enclosure walls. 

2. Loss in structural strength. 

3. Increased clearances between 
ing parts. 

4. Changes in contour of cutting edges. 


Geometry of sample and measurement 
techniques which would coordinate with 


mat- 


* A paper presented under the title ‘Erosion- 
Corrosion Testing of Metals,” at the 17th 
Annual Conference, National Association of 
Corrosion Engineers, Dallas, Texas, March 
14-18, 1960. 


For Appliance Applications 


Accelerated Testing 


for 
Resistance 


to 


Erosion-Corrosion* 


material performance in service was an 
important aspect of the investigation re- 
ported here. 


Earlier Investigations Scanned 

Earlier investigations in this general 
area have dealt with the following ef- 
fects in corrosive environments: 

1. Cavitation 

2. Erosion (liquid) 

3. Abrasion resistance (solids) 

4. Impact, mechanical properties 

Work by Copson’ on cavitation, 
Champion? and Wormwell’ on cavitation 
and liquid erosion, and Fontana‘ on 
erosion-corrosion reported some mecha- 
nisms and material observations perti- 
nent to the interrelated effects of corro- 
sion and wear. A generally applicable 
method of comparing material perform- 
ance was not presented, however. 

While hardenable stainless steels ap- 
pear to fit the requirements outlined, 
they differ widely in their performance. 
Some non-hardenable stainless steels 
were included in this study because of 
their utility in supporting other cutting 
materials and to increase the spread of 
corrosion resistance data so compara- 
tive measurements could be made more 
accurately of the importance of that 
property. 

Evaluation of hardenable stainless 
steels involves the effect of carbon con- 
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tent necessary for high hardness levels 
on this corrosion resistance. 

Bloom’ investigated the effects of heat 
treatment of quench-hardenable stainless 
steels on their corrosion resistance and 
mechanical properties. His findings con- 
firmed earlier work by Bain, Aborn, and 
Rutherford’ and Mears and Brown’ on 
the effect of chromium depletion due 
to carbide formation and the subsequent 
lowering of corrosion resistance 


Experimental Procedures 

To carry out the studies reported 
here, a laboratory testing device was 
developed which consisted of rotating 
cer amic container inclined at 45 degrees 
in which rectangular 1 by % by &%& spec- 
imens were supported (Figure 1). Ap- 
proximately one half of the specimen 
area was masked, using an epoxy resin, 
and the specimen was so mounted that 
only half the surface area was exposed 
to the test environment (Figure 2). 

The environment consisted of a_con- 
tinuously circulating 4 percent NaCl 
solution heated in a constant 150 F tem- 
perature bath and pumped into the test 
vessel and out for reheating. 

Each specimen was degreased, dried, 
passivated in 1-1 HNO, for 5 minutes 
at 150 F and carefully weighed before 
mounting. A measured number of alu- 
minum oxide pellets (3g inch dia.) was 


(Continued on Page 10) 
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Erosion— 


Figure 1—Wear-corrosion test mechanism. 


Figure 2—Method of mounting specimens for 
wear-corrosion tests. 


Figure 3—Wear-corrosion specimen after test- 
ing, before cleaning. 


Figures 4, 5 and 6—Edge of three specimens 
after 100 hours in 4 percent NaCl solution at 
150 F with aluminum oxide abrasive. Etchant: 
Marbles’ reagent. 10X. Figure 4 is AB-1 
-£ cast stainless alloy (Hardness Re 62), Figure 
‘| 5 is cast 421 stainless steel (Hardness Re 48), 
® and Figure 6 is cast 420 stainless steel (Hard- 
ness Re 50). 
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(Continued From Page 9) 

added in the test vessel whose angle of 
inclination produced tumbling action for 
the abrasive test. The specimen holder 
was clamped so the specimens were in 
a fixed position relative to the ceramic 
test vessel which rotated at 75 rpm. 
Continuous Rotation and Circulation. 


Tests were conducted for 100 hour 
cycles with continuous rotation and cir- 
culation of solution. At the end of each 
opie specimens were washed and the 
protective epoxy masking material re- 
moved from the lower half of the speci- 
men by thermal shock consisting of im- 
mersion in liquid nitrogen followed by 
immersion in boiling water. Specimens 
then were cleaned in 1-1 HNOs, dried 
and weighed. Typical specimens are 
shown in Figure 3. A second acid clean- 
ing and weighing was made to establish 
a blank or cleaning weight loss value 
but correction was found necessary in 
few instances. In addition to the weigh- 
ing of each specimen before testing, 
radius measurements were made on the 
four completely exposed edges of the 
specimen using a projection comparator 
and these values were recorded. At the 
conclusion of the test, radius measure- 
ments were made again and edge deteri- 
oration thus was noted in a quantitative 
manner. 

Edge volume loss was calculated so 
variations in contour changes of differ- 
ent edges of a given specimen due to 
differences in orientation could be av- 
eraged. It was felt this measurement 
could be applied to appliance compo- 
nents as well to establish service per- 
formance and variations in environment. 


Pits Are Carefully Studied 


In addition to weight loss values and 
edge radii measuremenis careful obser- 
vation was made of pit numbers and 
maximum pit depth measurements were 
made on each specimen where neces- 
sary. Initial experiments were made 
without masking the lower half of the 
test specimen in order to include crev- 
ice attack effects. Because clamping 
pressures and crevice areas varied it 
was not deemed feasible to include this 
factor in the current test program. 

Tests were carried out on the follow- 
ing stainless steels: Wrought 430, 410, 
410 (HT), 431, 302 and 17-7 PH; Cast 
420, 431 and proprietary high carbon 
stainless iron (AB-1). Nominal compo- 
sition is in Table 1. 

All tests were run in duplicate and 
comparative test runs were made in 
4 percent NaCl solution and water to 
separately assess the effects of abrasion 
and corrosion, 


(Continued on Page 12) 
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HOW YOU SAVE MONEY BY USING "HIGH POTENTIAL” 
RATHER THAN “STANDARD” MAGNESIUM ANODES 


Why do you use magnesium anodes to stop corrosion of pipe 
lines, tank bottoms, oil well casing, etc.—rather than other types 
of galvanic anodes that sell for less money per pound? 

The answer is, of course, because magnesium gives you a lower 
overall cost for cathodic protection. Magnesium’s higher poten- 
tial (approximately 0.4 volts) makes it possible to achieve pro- 
tection with fewer installations. 

If the above is true, then it follows that a “high potential” 
magnesium anode (delivering approximately 0.3 volts more than 
regular magnesium) can give you an even lower overall cost. 
This would be especially true if there is no sacrifice in useful 
ampere hours of current per pound. 

Galvomag, the high-potential magnesium anode developed by 
The Dow Chemical Company, meets both of these requirements: 
It delivers 20 to 35 per cent more current than standard H-1 
alloy magnesium anodes; and it has a current efficiency (ampere 
hour rating) comparable to H-1 anodes, Other so-called “high 
potential” and “high current” anodes tested, however, do not 
show current efficiencies in a comparable range. 

To help you get the most for your magnesium anode dollar, 
we suggest that you specify Galvomag or its equivalent in solu- 
tion potential and ampere hour rating. 

CSI engineers—pioneers in cathodic protection—have also 
developed a wide variety of special sizes and shapes to make 
Galvomag even more efficient. For example, the use of these 
special sizes in “hot spot” protection of pipe lines makes it 
possible to lower the number of anodes required by one-third— 
without decreasing the amount of protection or shortening the 
life of the installation. 

It will pay you to check with CSI—for expert engineering 
and installation services, plus a complete line of cathodic pro- 
tection supplies for both rectifier and anode installations. Prices 
are competitive. Call or write today. 


(ES) CORROSION SERVICES 


INCORPORATED 
G : 
Cleveland 13, Ohio eneral Office: Tulsa, Okla 
1309 Washington Ave. 


Mailing Address: 
Box 787, Sand Springs, Okla. 
Tel. CHerry 1-7795 


Tel. Circle 5-1351 
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Discussion of Results 


Weight loss measurements of speci- 
mens were calculated on the basis of 
weight lost per unit area of sample ex- 
posed. 

Radius change measurements were 
used in volumetric determinations of 
metal removed from the edges subject 
to deterioration. These data are pre- 
sented in Table 2. A summary of rat- 
ings for the materials tested is shown 
in Table 3. Best rating: Cast 420, wrought 
(low carbon) 431. 

Materials tested fall into three cate- 
gories: (1) unhardened wrought steels, 
(2) hardened wrought steels, (3) hard- 
ened cast steels. In order for any rank- 
ing of materials to be significant it is 


TABLE 2—Wear-Corrosion Test Summary 
(4 Percent NaCl) 


Edge- 
Volume | Weight 
Loss‘') Loss?) 


56 
43 
49 
43 
53. 
61 


6 
2 
9 
ek 
9 
6 
5 
3 
7 
6 
5 
7 


BRUSH 


@) x 106 in.3 (2) Grams. 


TABLE 3—Wear-Corrosion Test Ranking 


| LOSS BASIS 


| Hard- | Edge- 


Material ness Volum Weight 


WROUGHT 


Figures 7, 8 and 9—Microstructures of three 

materials, hardened and drawn. 100X. Etchant: 

Marbles’ reagent. Figure 7 is cast 431 stain- 

less, Figure 8 is cast 420 stainless and Figure 
9 is AB-1 cast stainless alloy. 








necessary to weight the materials against 
desired characteristics which are: 
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1. Retention of a sharp edge. 

2. Resistance to pitting. 

3. Resistance to general abrasion, cor- 
rosion, 


Careful Examination Necessary 

Not only was the gross amount of 
weight lost important but also whether 
it was removed from an edge or a flat 
surface and whether or not edge attri- 
tion as smooth and regular or rough- 
ened by pitting. Thus careful examina- 
tion of specimens is as necessary as 
physical measurements in properly 
evaluating materials. 

A specific application of the test method 
was made in evaluating three cast stainless 
materials for a grinding component. 
Type S431 and 420 and a proprietary 
cast high carbon stainless iron were 
tested for 100 hours in 4 percent NaCl 
solution at 150 F. Comparable edges of 
test specimens after testing are shown 
in Figures 4, 5 and 6. Microstructures 
of these three materials are shown in 
Figures 7, 8 and 9. 

Microexamination of the wear edges 
of the specimens at a higher magnifica- 
tion (Figures 10, 11 and 12) clearly 
show intergranular attack on the ma- 
terial. This may be ascribed to a chrom- 
ium depletion adjacent to the grain 
boundaries caused by the formation of 
chromium carbides due to the high (3 
percent) carbon content in the proprie- 
tary composition. While the attack on 
the 431 is less than on the other two 
materials its resistance to abrasion is 
poor due to its lower hardness and 
retained austenite. The 420 material 
shows the best balance in resistance to 
abrasion and corrosion. This evidence, 
coupled with other test data, showed 
the high carbon stainless to be the 
poorest material for the intended appli- 
cation even though it had the highest 
hardness value of any of the materials 
tested. 

Conciusions 

1. Edge-volume loss measurements 
made under accelerated corrosive wear 
conditions showed good correlation with 
qualitative service performance of ma- 
terials used for cutting edges in mild 
corrosive environments. 

2. Weight loss measurements did not 
reflect cutting edge attack with adequate 
sensitivity. 

3. Observation or crevice attack and 
localized pitting is a required supple- 
mental measurement. 

4. In a specific material application, 
the test pointed to the superiority of 
cast 420 stainless steel or wrought 431 
stainless steel for cutting edges. 
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Figure 10—Good corrosion resistance, negli- 
gible grain boundary attack. Retained austen- 
ite contributes to lower hardness. Type 431 
stainless (Rc 48). Etchant: Marbles’ reagent. 
500X. Figure 11—Good corrosion resistance, 
negligible grain boundary attack. Structure 
primarily martensite. Type 420 stainless (Rc 
50). Etchant: Marbles’ reagent. 500X. Figure 
12—Poor corrosion resistance, heavy grain 
boundary attack. Structure martensitic with 
iron and chromium carbides. AB-1 cast stain- 
— (Re 62). Etchant: Marbles’ reagent. 
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‘aH 
FLU ROFLEX 


TO STOP 


The complete inertness of Fluoroflex*, Resistoflex’s spe- 
cially processed Teflon? construction material, is well 
known. The fact that Fluoroflex exhibits zero corrosion 
to all acids, chemicals, and solvents up to 500°F. (except 
free fluorine and alkali metals at elevated temperatures) 
is One reason for the completely successful and satis- 
factory use of Fluoroflex in hundreds of process plants 
both here and abroad. 

Because of this superior performance, one might expect 
a Fluoroflex system to be more expensive than it is. How- 
ever, on an installed cost basis, Fluoroflex-lined steel 
piping is today comparable with or cheaper than pressure- 
piping of several high-nickel alloys. 
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CORROSION, DOWNTIME, AND 


As a result leading engineering-construction firms now 
use Fluoroflex rigid piping systems and flexible com- 
ponents in new plant construction to stop corrosion or 


contamination and to reduce erection costs. 


Many small processing columns can be assembled 
from sections of Fluoroflex-lined pipe for rectifying, 
absorption, and scrubbing operations. Packed 
Fluoroflex-lined columns complete with Fluoroflex 
distributor and support plates and Raschig rings can 
be fabricated in sizes up to 10 inch diameter. 


m@ Fluoroflex preflanged piping eliminates cutting cham- 
fering, cleaning, welding, scale, flux, weld spatter and 


SEE US AT THE CHEMICAL INDUSTRIES SHOW, BOOTHS 893, 895, 897, 
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PRODUCT LOSSES 


annealing—minimizes the need for gaskets, hangers, sup- 
ports, and anchors as required for non-metallic piping. 
w@ Fluoroflex reinforced bellows absorb vibration loads on 
centrifuges and pumps, and reduce packing leakage. 
They correct misalignment and expansion-contraction 
problems on rigid vessels, towers, heat exchangers, etc. 
g Fluoroflex transfer hose combines contamination-free 
hose and flanges with rugged nexibility. Prevents clogging 
of strainers at critical moments of charging and unloading 
vessels, tank cars, etc. 

m@ Fluoroflex dip pipes, spargers, and thermowells provide 
the protection of Teflon with the strength of steel to with- 
stand severe agitation or viscous materials without danger 
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TECHNICAL TOPICS 


of damaging expensive reaction vessels. 

If you have corrosive fluid-handling problems, SPECIFY 
FLUOROFLEX. Write to Resistoflex Corporation for detailed 
information today, or ask our local service engineer to call. 
Plants in ROSELAND, N. J., Anaheim, Calif., Dallas, Tex. 
Sales offices in major cities. *Resistoflex T.M. | +DuPont T.M. 


RESISTOFLEX 


COMPLETE SYSTEMS FOR CORROSIVE SERVICE 
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Figure 1—Cutaway sections of various flow 
valves and mandrel and valve assembly 


Laboratory and Field Tests on 


Titanium for Oil Field 


ITANIUM METAL production increased rapidly 
nine the beginning of World War II. Quality 
of the metal and alloys has been upgraded substan- 
tially and the areas of use broadened significantly.’ 
Furthermore, because of continued emphasis on im- 
proving production facilities and processes, the base 
price has been lowered to a point where the material 
no longer can be excluded as a corrosion-control 
metal solely on a price basis. 

Estimates of the cost of corrosion to the producing 
phase of the petroleum industry includes many fac- 
tors which cannot be fully evaluated. The annual 
cost of corrosion in production of sour crude oil alone 
$35 million per year,’ while replacement 
costs for equipment in gas-lift wells amounts to 
$16,000,000 annually.* A reasonable estimate of the 
total cost of corrosion to the producing phase of the 
industry, including replacement and preventive 
measures is $70,000,000 per year. 

This study was designed to determine the suit- 
ability of titanium in several applications in oil pro- 
duction equipment and to estimate its probable use 
in production techniques to be developed in the 
future. The investigation was limited to two principal 
artificial lifting methods, gas lift and plunger pumps 
and their related problems and included several 
field tests. 


amounts to 


% Revision of a paper titled ‘Titanium—Use in Oil Production Equip- 
ment” presented at the 17th Annual Conference, National Association 
of Corrosion Engineers, Buffalo, N. Y., March 13-17, 1961. 


Investigations Conducted Under This 
Research Project 

The major field of study concerned the use of 
titanium in gas lift valves and as ball and seat com- 
binations in oil well pumps. Metals used in such 
equipment are principally stainless steels, Monel, 
Hastelloys. Corrosion and erosion of metal are pri- 
mary causes of failure of both types of equipment. 

Corrosion problems encountered in flow of fluids 
in tubing and casing must, of necessity, be related to 
the corrosion experienced in either gas lift equipment 
or in pumping operations, Likewise, very serious 
erosion problems arise when fluid flow either alone 
or bearing finely divided sand particles, reaches the 
extremely high velocities prevalent in many gas wells. 

Completion techniques require the flow of drilling 
Huids (clay suspensions carrying varying quantities 
of sand and rock cuttings) through small apertures 
in valves used to circulate or remove such fluids from 
the hole and thus induce initial flow of oil and/or gas 
in a well. Again, erosion may occur and damaged 
equipment result. Studies simulating such conditions 
were carried out in the laboratory, 


Gas Lift Valve Studies 


Many design variations are found in gas lift valves 
now in use in producing oil. Essentially the purpose 
of the valve is to provide a means for introducing 
gas into a fluid column, thus lightening the column 
and because of decreased hydrostatic pressure of 
the over-all fluid column, maintain flow of reservoir 
fluids to the surface. 
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Abstract 


Laboratory and field tests are reported 
for titanium parts for gas lift valves and 
down-hole oil well pumps. While titanium 
performed well in the laboratory tests 
using aerated fluids, and did well in 
field tests of gas lift wells, similar trials 
in wells pumping sour crude oil well 
showed titanium to be inferior to normally 
used materials. Authors conclude titanium 
is suitable for use in gas lift valves and 
could be competitive to presently used 
materials at a lower price. 

They conclude titanium is not suitable 
for use in oil well pumps, but might per- 
form better if hardened. It also is at a 
competitive disadvantage to commonly 
used materials costwise. 

While titanium is cathodic to materials 
commonly used in oil wells, no marked 
corrosion was attributed to this property 
after exposure of coupon sets in a pro- 
ducing well. Titanium was found resist- 
ant to abrasion by sand-laden aerated oil 
well fluids in laboratory tests. 

6.3.15, 8.4.3 


Pump 


and 
Valve 


Parts: 


Several different types of valves are 
illustrated in Figure 1. The most vul- 
nerable parts of the gas lift valve are the 
ball and seat and the port. Attack by 
corrosive fluids on either of these parts 
or on the spring of the valve will sooner 
or later result in ineffective operation. 

Tests were run to determine corrosion 
rates under varying conditions for eight 
separate metal specimens at the same 
time. A polymethyl methacrylate, (Lu- 
cite) container was used in which cou- 
pon spacing and circulation rate of fluids 
could be controlled. Circulation of fluid 
was through two separate chambers 
each having four 3-inch square com- 
partments, 12 inches in height. A tight 
fitting top, slightly recessed to provide 
for a soft rubber gasket, made the con- 
tainer fairly tight and a condenser on 
top minimized vapor losses. The metal 


test pieces were held vertically by a 
slotted plastic base placed in the bottom 
and permitted any desired spacing from 


TABLE 1—Effect of Impingement on Corrosion of J-55 Steel, 
Titanium, Monel, Nickel and Stainless Steel 316 







































































Corrosive environment................+. ASTM Standard Brine, Saturated with Air. 
pe eer re re Air 
CIVIC CUES ines ccicc sc chacmemea tea 1,4 inch. 
Distance between orifice and specimen...14 inch. 
RrRIeee C8 CRS nos 562.0 re va adua cow anee ey days. 
| Immersed, Normal Immersed, Subject 
Flow To Impingement 
Differential; == #  #$|€_|—— 
Pressure Wt. Loss,| Corrosion | Wt. Loss,| Corrosion Sogsomes 
Trial psi Metal gm Rate mpy ¢ém Rate mpy arks 
Monel 0 0 Smooth 
l 100 - — ee | — — - - — ~_ 
Monel 0.0017 33.7 | Smooth 
Nickel 0 0 Smooth 
2 | 100 . — $$ $_| —___|_—__ —}. 
| Nickel 0 0 Clean 
| J-55 0.2084 42.15 (1) 
3 100 — —— — ——— — — - - 
-55 0.0898 18.18 Uniformly 
Corroded 
jJ-55 0.1989 40.20 (1) 
4 100 | — - —__———— - - — — - 
J-55 0.0879 17.76 Uniformly 
Corroded 
Titanium | 0 0 Smooth 
5 | 100 —~— —_———-- | — - 
| Titanium 0 0 Smooth 
Ftc Rae ae nant bcs ieee aig - ore: 
Monel 0 0 Smooth 
6 100 | __ - 
Monel 0 0 Smooth | 
316 SS 0 0 Smooth 
7 100 ————$$_$_—_|—_—___——- $+ | ———_———— I —- 
316 SS 0 0 Smooth 
































(1) Specimen corroded uniformly with the exception of area under impingement. 








TABLE 2—Effect of Impingement on Corrosion of J-55 Steel, 
Titanium, Monel, and Stainless Steel 316 
Same conditions as Table 1, except: Orifice-to-specimen distance, % inch; test duration, 2 days. 


Immersed, Normal 


Immersed, Subject 


















































Flow To Impingement 
Differential earns 
Pressure Wt. Loss,| Corrosion | Wt. Loss,| Corrosion 7 
Trial ps Metal gm Rate mpy gm Rate mpy arks 
J-55 0.125% 38 Uniformly 
Corroded 
1 100 ~ & —— — 
J-55 0.1992 60.3 (1) 
ve J-55 0.1304 39.60 | Uniformly 
Corroded 
2 100 ——— —— — , 
0. 1989 60.2 (1) 
ee a oe Monel 0 0 Smooth 
3 100 SS ee tinal tenati mein 
Monel 0 0 Smooth 
=a bo a ae Monel 0 0 Smooth 
4 100. || |} — | —_|—_-—_—_ — 
Monel 0 0 Smooth 
7 ee Titanium 0 0 Smooth 
5 1000 | |] — > - | | — 
| T itanium 0 al Smooth 
ma | 316 SS 0 0 | Smooth 
6 | 100 =3=|—— - ————SSS ee eee = 
| 316 SS ee 0 0 | Smooth 
| — Titanium | | 0 Smooth | 
7 100 —- - —) ) — 
Titanium or 0 a 0 Smooth 


| 





(1) Uniformly tends re except for area of nct impingement by air. 





the orifice. Air or natural gas was 
passed through the orifices to create 
turbulence and cause direct impinge- 
ment on the test coupons, thus simulat- 
ing action at the point of entry of gas 
in a gas lift valve. 

The specimens were polished with a 
50-grind sand paper on a sanding wheel 
and finished with a 300-fine emery cloth, 
numbered and stored in a desiccator. 
They were weighed to four significant 
figures before use. At the completion of 
a test run, the specimens were washed 
with soap and water, dipped in a dilute 


17 








solution of HCl, rinsed with water, 
placed in an acetone bath, dried and 
weighed. 


Results of Gas Lift Valve Studies 

Results of laboratory studies indicate 
good corrosion resistance of titanium. 
Tables 1 through 6 show results of tests 
under varying conditions of exposure to 
direct impingement. Fluid velocities of 
0.3 to 3 feet per second were employed 
using air and natural gas to create the 
jet action. 

(Continued on Page 18) 
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(Continued From Page 17) 


wt 
lo uns in All weight losses determined were 
used to compute an average penetration 


rate in mils per year assuming corrosion 
to be uniform. On samples positioned 


close to the jet, distinct pitting action 

your was observed on steel plates as shown 
in Figure 2. 

Titanium was not affected by expo- 


= = Valve Parts sure to salt brines either with or with- 
an i-corrosion out impingement caused by injection of 
natural or air. Furthermore, none 


gas 


arsenal TABLE 3—Effect of Impingement on Corrosion of J-55 Steel, 
Titanium, Monel, Nickel and Stainless Steel 316 
Same conditions as Table 1 except: Orifice-to-specimen distance 14% inches: test duration, 2 days. 


? 7 Immersed, Normal Immersed, Subject 
When you’re waging your battle | oe leonaaueen 
Differential 


against corrosion, it will pay you to Pressure ‘Wt. Loss.| Corrosion | Wt. Loss.| Corrosion Appearance 
° ° t y 
have DeVilbiss spray guns for full Fe ental — Bedncsosccoal 


° ° ° f P Uniformly 
covering coatings that provide greater Corroded 


protection on any surface—flat, re- J-5 0.1362 











cessed, irregular or angular. Appli- 
cation is far faster than any contact 





Titanium Smooth & 


application method. Bright 





Titanium 








Titanium 





| Titanium 





“Monel 
Monel 
Monel 


Monel 


| Nickel 














| Nickel 











STANDARD DEViLBISS SPRAY GUNS 


(a.) handle practically any pourable TABLE 4—Effect of Impingement on Corrosion of Steel, 


Titanium, Nickel and Monel 


protective finish. May be used with Corrosive environment.....................Crude oil and brine from Magnet Withers Field, Wharton 
, y County. Texas, saturated with air. 
portable hot-spray outfit that puts on Injected medium Air. 


Orifice diameter.... 146 inch. 


fuller covering films with minimum Distanre between orifice and specimen.......34 inch. 
Duration of test ..2 days. 


overspray. CATALYST GUN (b.) with — es fe ae 


: | Immersed, Normal | Immersed. Subject | 
hot-spray outfit sprays urethane Volume | Differ- Flow To Impingement , 
. Percent ential —-)-——- —- | Appear- 
foams, other inert plural-component —_—_—_————| Pressure Wt. Loss | Corrosion] Wt. Loss | Corrosion} ance & 

a . Oil Water psi Metal gm Rate mpy gm Rate mr: Remarks 
protective materials. AIRLESS SPRAY (a a 
: r 4 B 2 | 0.0642 26.00 Corroded 
XUN (c.) used in conjunction with ~ uniformly 


0.2487 (1) 














portable outfit, produces large spray 


Corroded 
uniformly 


broad areas. For full details on our oe 0.2490 ; (1) 


pattern for ultra-fast coverage of — | 


: 26.50 4 i 
i ilbi uniformly 
write: The DeVilbiss Company, . naan amide = : 
. 0.2500 (1) 

‘Toledo 1, Ohio. pi ea as ie Be ‘ ; : 


1 vps . ae 3 1 ; ‘ a é 
Titanium Smooth 


complete line of spray equipment, T | | J-55 | 0.0637 











| Titanium | 
| Titanium 

| Titanium 
FOR TOTAL SERVICE, CALL . 


if nies ; | Nickel 
DeViLBISS - | ee 
| Monel 


Monel 








150 











(1) Uniformly corroded except for area subject to direct attack of air stream. 





ee we eee & 
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of the materials 


tested 
weight loss, when natural gas was used. 
Penetration of the surface by pitting 
action was absent even in the case of 
coupons placed at %4-inch from the ori- 


show 


TECHNICAL TOPICS 


fice. On the other hand, no distinct pat- 
terns of corrosion were noted beyond a 
distance of one inch from the orifice 
when pressure differentials did not ex- 
(Continued on Page 20) 


ed any 


TABLE 5—Effect of Impingement on Corrosion 
of J-55 Steel and Titanium 

















































































































COSTOMNE GRVITOHOIENE. 6 6. Sacsiscieencceceees Crude o'l from Prentice Field, Yoakum County, Texas, 
and ASTM brine, saturated with air. 
BISCERE TAAGIIUE 6 ooo vice edi eta sete . Air. 
I 6 ok ss cc cukwiew eee ewae ee 146 inch. 
Distance between orifice and specimen...... . 1 inch. 
OMNI ON CONG. ob ior kd sdsv cece Mahan Kexed 2 days. 
| | Immersed, Normal Immersed, Subject 
Volume Flow To Impingement 
Percent Differential —-— - 
————| Pressure Wt. Loss | Corrosion | Wt. Loss | Corrosion 
Trial Oil | Water psi | Metal gm Rate mpy ¢m Rate mpy 
50 50 150 J-55 | o 0 
1 —_ — aan} a _—_ suena — SE ee $$$ —_—_——_ 
50 50 150 J- 55 0 0 
50 50 150 ‘J-55 0 0 - 
9 7 a lata sciacstabiciitialigasi Sistine ia is Acad na 
50 50 150 J-55 0 0 
50 50 150 Titanium 0 0 
3 = sree on sia “ = aa — lg epeenemnenens CARES _ 
50 50 150 | Titanium 0 0 
io 40 60 150 J-55 0. 06: 34 19.25 ~ 
4 — —} — aoe ee — atnliims — — 
40 60 150 J-55 0.0732 22.2 
40 60 150 Titanium 0 0 
v0 = eS a a — = ois —, ee 
40 60 150 | Titanium 0 0 
30 70 150 J- -55 0. 0843 25.65 
6 ee Nae eae Ft ee cee te een isos ecncioantecuaenio 
30 70 150 J 55 é 09% 58 29.0 
30 70 150 T itanium 0 0 
7 | jalan el seensistacits Rp ticahsnsdhiesinacii ; i 
30 70 150 Titanium 0 0 
20 80 150 I 55 0.0998 30.3 
8 eae i aie vineiianiatlaiehai ‘ ian icin 
20 80 150 | J-55 0. 1969 59.75 
20 80 150 Titanium | 0 0 
9 e _— Be a ere — | —__—___—. 
20 80 150 Titanium e 0 
TABLE 6—Effect of Impingement on Corrosion 
of J-55 Steel and Titanium 
Corrosive environment. ...0660ccersecscceces Crude oil and brine from Magnet Withers Field, Wharton 
County, Texas, saturated with air. 
PURINE ead cxvicnduen vee escue kes Air. 
CRUE ET 5 8 ooo secrecy ete cet secrecy 3,4 inch. 
Distance between orifice and specimen....... 1% inch. 
MME TONE. Ui. cccacachastesueTes cuues 5 days. 














Immersed, Normal Immersed, Subject 




































































Volume Flow To Impingement 
Percent Differential =) | 
————| Pressure Wt. Loss | Corrosion | Wt. Loss | Corrosion 
Trial Oil | Water psi Metal gm Rate mpy gm Rate mpy 
1 50 50 ; 150 Z J-55 0.0002 0.0238 Pea E 
50 50 150 J-55 0.0 0.0 
“é 50 | 50 150 |J-55 | ooo | 00188 | ° °&+«&+| 
7 50 | 50 160 «| J-55 a -—  ) 
. 50 50 150 ; tT itanium 0.0 on 0.0 mA = eee An ee 
. 50 50 160. |Tienum) =>  #&«;\|oo | ao 
| 40 | 6 | ee ee 2 ee ee eee 
: ~ 40 60 “150° 2 J-55 aa = ie “Wh 0. 1028 9.98 : 
a 40 60 Pe oy 150 mt Titanium: : Oo. 5 0 i ae 
‘ 40 60 ; 150° e Titanium es Tea | o- ‘ rs 0.0 e 
" | wi we | wo Ul se C 0.0925 11.23 | ae 
| 7 | wo |i | |  . | Gio | tase 
4 Saf ; “30, 70 150 | Titanium oO — ae 0 ae: ae ae! See 
: 60 | Titanium | ve ae re 
20 80 150 J-55 0. 09: 30 11.3 | 
. 20 80 | 150 ‘| J-55, ee a ae 
a 
20 | 80 | 150 | Titanium | 0 0 
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Crash Repair Program to Control Serious 
Pitting Corrosion on Process Tanks 


Cell Apparatus Checks Resistivity of 
Nitrogen Tetroxide Fuel to Control 
Corrosion on Missiles 


Corrosion Control Advantages of Poly- 
amide-Epoxy Coatings 


Laboratory Tests Show Resistance Prop- 
erties of Urethane Coatings 
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HIGH PURITY WATER 
CORROSION 


On sales to Texas addresses, 
add 2% tax. 


Symposium on Corrosion ¥ High Puri 
Water by Committee T-3F on Hig 
Purity Water which includes: 

Introduction to Symposium on Corrosion 
ae _— ‘ater by John F. 

ckel. 


Corrosion of Structural Materials in 
High-Purity Water by A. H. Roebuck, 
C. R. Breder and S. Greenberg. 

Corrosion Engineering Problems in High- 
Purity Water by D. J. DePaul, 

The Importance of High-Purity Water 
Data to Industrial Applications by 
W. Z. Friend. Per Copy $3.7 

Seumetot on Corrosion by High Purity 

‘ater. Five Contributions to the 
Work of NACE Technical Committee 
T-3F on High Purity Water. Pub. 


Measurement of Corrosion Products in 
High Temperature, < Pressure 
Water —— by A. S, Sugalski and 
S. 1. Williams. 

Corrosion of Aluminum-Nickel Type Al- 
loys in High Temperature Aqueous 
Service by F. H. Krenz. 

Corrosion of | wg in High —_ 
oe by R. J, Lobsinger and J. 


The Storage of a Purity Water by 
Richard R. Dies! 

Water Senin for High Pressure 
Boilers by D. E. Voyles and E. C. 
Fiss. Per C $6.50 

Symposium on Corrosion by High Purity 
Water. Four Contributions to the Work of 
NACE Tech. Comm. T-3F on High Puri 
Water. Pub. 58-13. Per Copy $5. 

Corrosion Behavior of Zirconium-Uranium 
or in High Temperature Water, by 

. Berry and R. S. Peoples. 
Corrosion and Water 


Purity Control for 

the Army Package Power Reactor by R. J. 
Clark and A. Louis Medin. 

Removal of Corrosion Products from High 
Temperature, High Purity Water —— 


with an Axial Bed Filter by R. E. 
and S. L. Williams. 

Some Relations Between Deposition and Cor- 
rosion Contamination in Low rT 
Systems for Steam Power Plants by E we 
Johnson and H. Kehmna. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 75c¢ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. 


arson 


Houston 2, Texas 
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ceed 100 psi. At closer range, however, 
considerable variation was observed with 
the aerated solutions. 

The impingement effect noticed on the 
steel specimens is caused by a more ac- 
tive or localized intensity of corrosion 
of the metal. Rapid removal of corro- 
sion products enhances the rate of at- 
tack. A “sunburst” appearance describes 
the streaked lines extending radially 
from the center of attack. Samples 
spaced at distances of % inch from the 
orifice did not show pronounced attack 
and all tests at spacings greater than 
¥% inch, regardless of orifice size or 
operating pressure, showed no pitting. 

If extraneous materials such as sand, 
drilling mud, scale, or mineral deposits 
are absent in the well fluid, the injection 
of clean natural gas should cause no 


Orifice 1/32” 
Distance 3/16” 


Orifice 1/64” 
Distance 15/16” 


erosion damage to either the valve or 
tubing. Corrosion may be enhanced by 
galvanic action, however. In this con- 
nection, attention is called to the field 
data obtained on tests in a well in the 
Magnet-Withers Field, Wharton County, 
Texas. 


Erosion Resistance of Titanium 


Loss of metal by erosion is influenced 
by fluid composition, the kind and 
amount of abrasive material present, 
and the velocity and direction of flow 
across the metal surface. In gas lift 
valve equipment the variables are (1) 
total amount and relative proportion of 
oil, gas and water produced; and (2) 
kind and amount of sand, or fine silt, 
drilling fluid (during washing-in opera- 
tions), scale or mineral deposit. Since 
the production rate determines the aver- 
age flow velocity in the tubing, compar- 
able rates were used in laboratory tests. 
Turbulent flow conditions prevail in gas 
lift wells and additional agitation occurs 
at the entry point of the gas. 

Erosion resistance tests were con- 
ducted using the equipment shown in 
Figure 3. The test specimen was mounted 
on nonconducting plastic (Figure 4). 
Fluid velocities were maintained with 
a centrifugal pump and sharp changes 
in velocity and direction of flow were 
made by substituting different sized ells 
and nipples in the system. Data re- 
ported are at flow rates of 10 and 40 
fps. The circulating fluids used are (1) 
sour crude oil from the Prentice Field, 


Air Bubbling 
Only 


Static 
Conditions 


. 
“we 
4 


Orifice 11/64” 
Distance 2” 


Figure 2—Pattern of corrosion attack on various steels subject to fluid impingement 
caused by air jet. 
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Yoakum County, Texas (2) an 80 per- 
cent salt water-20 percent crude oil mix- 
ture, (3) the same mixture with 1.2 
percent sand of 150-200 mesh size. Re- 
sults in Table 7 show substantially more 
metal was lost from J-55 steel than from 
titanium. Adaptability of titanium to all 
parts of flow valves is indicated. 


Field Tests of Gas Lift Valves and 
Titanium Specimens 


Coupons of titanium, J-55 and N-80 
grades steels and 9 percent nickel-steel 
were installed in a well in the Magnet 
Withers Field, Wharton County, Texas. 
The rack carrying the individual metal 
coupons (% by % by 2% inches) was 
placed at the 3300-foot level in the tub- 
ing of the well being tested. Total depth 
of the well was 5500 feet. 

Gas lift valves were placed at inter- 
vals, the lowest being at 3700 feet. The 
position of the test rack thus may be 
seen to be just above the lowest (oper- 
ating) valve. Because all the fluid flow 
passed over the specimens, only the 
effect of direct jet action opposite the 
operating gas lift valve would not be 
included in the over-all corrosion ex- 
perienced by the test pieces. The holder 
accommodated 12 separate metal speci- 
mens several of which were “coupled” 
with metal washers rather than sepa- 
rated by the insulating fiber washers. 
Short-coupled test pieces were joined 
through a washer and bolt at the lower 
end through the rack and a washer at 
the top end (Figure 5). 

The well was producing on gas lift 
at a daily production of 27 barrels of 
oil and 365 barrels of salt water. Forma- 
tion gas/oil ratio was 926 cu ft per bar- 
rel. Two test periods were completed, 
the first 23 days from July 16 to August 
8, 1957 and the second 22 days from 
August 8 to August 30, 1957. Data are 
reported in Tables 8 and 9. 

Titanium showed excellent resistance 
to attack by the salt water and was sub- 
stantially better than the 9 percent 
nickel-steel specimens. All steel sam- 
ples exhibited high susceptibility to at- 
tack, which was enhanced when coupled 
to titanium. In case of the J-55 grade 
steel, “short-coupled” coupons showed 
an increased loss of 50 percent while no 
difference was found for the “long- 
coupled” coupons. For the N-80 grade 
steel, a 100 percent increase in the cor- 
rosion rate occurred for the “short- 
coupled” samples while the rate of at- 
tack for the “long-coupled” samples and 
the uncoupled metal was practically 
identical. 

Because of the marked difference 
noted in the field tests between the cor- 
rosion rate of N-80 grade over J-55 
grade steel when coupled to titanium, 
the electrochemical potential of these 
two steels, P-110 grade steel and tita- 
nium was measured in brine using a 
standard saturated calomel electrode. 
The data of Table 10 show little reason 
for increased galvanic action supposedly 
responsible for the greater loss of metal 
from the N-80 steel coupled coupons. 

A wire line retrievable gas lift valve 
with the nose, check valve, check disc 
and fishing neck machined of titanium 
bar stock was run in a well in the 
Gohlke Field, Dewitt and Victoria Coun- 
ties, Texas. This installation was put 

(Continued on Page 22) 
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zinc-rich primer by Gtoneware 


For detailed technical data write 
Coatings and Linings Division, U. S$. 
Stoneware, Akron 9, Ohio. e 
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coe new 


Tyzin is a self-curing sacrificial metal primer offering excellent 
resistance, with or without a top coat, to organic and inorganic 
solvents, fresh or salt water, oils and greases. 


A 2-3 mil film (obtainable in a single application) provides an 
excellent primed surface for all standard Tygon vinyl top coats 
or for Tygon Series “‘E’”’ Epoxy. 


Tyzin consists of a modified lacquer base into which is blended 
metal zinc powder to form a blended solution of better. than 
57% total solids by weight. 


Applied by conventional brush or spray application, Tyzin air 
dries within 15 minutes to a rain and weather-resistant coat- 
ing. It can be top-coated with any suitable top coat within 
a few hours. 


With excellent adhesion to properly prepared surfaces, Tyzin 
proves a low-cost self-sacrificing metal primer for top protec- 
tion from galvanic attack. 


AKRON 9, OHIO 
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Figure 3—Equipment assembly for fluid erosion tests. 
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in service in October 23, 1957, and was 
removed in March, 1958, for inspection. 
Careful examination at that time re- 
vealed no corrosion of the titanium. The 
valve was rerun and operated success- 
fully until August 18, 1958 when it was 
removed again. The titanium remained 
free of any corrosion or abrasion dam- 
age. Length of field service was slightly 
less than 10 months. 


Titanium as Ball and Seat Combination 
in Oil Well Pumps 

Application of titanium to oil well 
pumps seems exceptionally appropriate 
because of its excellent corrosion re- 
sistance to brines and hydrogen sulfide. 
Its density makes it particularly attrac- 
tive for use in ball valves. Further tests 
showed a high degree of resistance to 
erosion, so its use as ball valve seats 
also appeared appropriate. Inasmuch as 
failure of these parts is the cause of 
probably 85 percent of pump trouble, 
extension of service life would be valu- 
able. 


Laboratory Investigation 

Laboratory study of ball and seat 
combinations was started after failure 
of a set of titanium balls and seats 
placed in a Caldwell County, Texas well. 
Evidence of pitting and chipping of the 
ball was noted and severe fluid cutting 
or erosion was observed in the seat. 
Failure of both ball and seat were not 
considered characteristic so laboratory 
tests were undertaken in an effort to 
duplicate results of field tests. 

The apparatus consisted of two sec- 
tions of Lucite tubing joined to incor- 
porate the seat and ball. Figure 6 shows 
the assembled unit in operation while 


the component parts are illustrated in 
Figure 7. Tests were run for two months 
with H.S brine and natural gas and for 
30 days with brine and air. No weight 
loss occurred in any of the materials 
tested: Haystellite, Hastelloy, Monel or 
titanium. The titanium ball was discol- 
ored but no erosion or deformation of 
the seat was observed. Because operat- 
ing pressure was atmospheric, impact 
force was low. However, the number 
of blows per minute was 5 to 10 times 
that encountered normally in the field. 
That is, while there are 20 movements of 
the ball from its seat per minute in 
pumping at 20 strokes per minute, from 
100 to 200 such actions were obtained 
by the laboratory procedure followed. 


Field Tests of Titanium Ball And Seat 
Combinations in Pumping Wells 
Titanium balls and seats were run in 

a number of wells in Caldwell and 
Guadalupe Counties, Texas, which pro- 
duce “sour” crude oil, containing H,S, 
with large volumes of salt water. The 
salt water has a total dissolved salt con- 
tent of 25,000 ppm, primarily NaCl but 
with sufficient calcium and magnesium 
to cause carbonate deposits. 


Unusual conditions existed in the B-19 
well which made it extremely hard on 
balls and seats. From Figure 8 the fluid 
cutting action is easily discernible over 
much of the beveled edge of the seat. 
Actually deeper cut-out areas existed 
in the Hi-Chrome and the Haynes 
Stellite seats examined than in the tita- 
nium, although all were damaged se- 
verely. Additional tests in the B-19 well 
were not possible because it was aban- 
doned. 

Results of the entire testing program 
are shown in Figure 9.. The following 
comments refer to tests recorded in 
that figure. 

Valves were run in to the AM-5 well 
on April 3 and removed on August 14, 
1958. It was reported seats had been 
run on both sides, so although the time 
was a little over four months, an aver- 
age of two months’ service was con- 
sidered. The balls were said to be in 
bad condition, scratches and chips ap- 
pearing over the surface. Other metals 
in this well had lasted 2 to 3 months be- 


Figure 4—Mounting of coupons used in erosion 
studies. 


fore replacement became necessary so, 
even though titanium was damaged its 
record was comparable to that of other 
commonly used materials. 

In the B-11 well, a traveling valve as- 
sembly only was installed on March 21 
and removed on May 1, 1958. No failure 
occurred in this valve set although the 
ball was scratched. Average length of 
service for balls and seats in this well 
Was one year and three months, so no 
conclusions can be drawn as to the like- 
lihood of equivalent performance. This 
test was not considered representative. 

While performance of titanium in the 
H-15 well is exceptionally good, only 
about half the service life of competing 
materials is indicated in the P-13 and 
T-27 wells. Average life of the titanium 
balls and seats in all tests in Figure 9 
was 123 days for traveling valves and 
160 days for standing valves. This com- 
pares to 236 days and 244 days respec- 
tively for other metals used. The figures 
do not include data from the H-15 well. 
In every instance, inspection revealed 

(Continued on Page 24) 





The cost of replacing tubing can be almost 
prohibitive in highly corrosive fields and offshore 
wells. These replacement costs may be significantly 
lowered by using Tube-Kote plastic coatings to 
protect metal from corrosion. Tube-Kote coatings 
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(Continued From Page 22) 
small chips broken from the balls and 
seats with varying degree of fluid cut- 
ting discernible on the face of the seats. 
One seat was so badly cut that the ball 
became lodged, necessitating pulling the 
well. 

Because excellent resistance to corro- 
sion attack in other tests was exhibited 
by titanium, it is postulated that hard- 
ening of the metal might provide satis- 
factory ball and seat surfaces. 

(Continued on Page 26) 


Fiber Wosher 


T — Titonium 

N - N-8O Stee! 
J — J-55 Steel 
9N- 9% Nickel 


Figure 5—Position of coupons on test rack run in B-27 well, Magnet Withers Field, Texas. Set 
One on left were installed July 16, 1957, withdrawn August 8, 1957. Set Two on right were installed 
August 8, 1957, withdrawn August 30, 1957. 
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Your plant’s share of the tre- 
mendous loss to corrosion last 
year could have been stopped 
with one of Valdura’s Val-Chem 
chemically-resistant coatings. 
Remember—no one coating can 
solve all the problems. That’s 
why Valdura offers you a complete 
line to fit every need—the new, 
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field-tested Val-Chem Coatings. 
The assistance of Valdura’s 
nationwide force of field repre- 
sentatives—experts in corrosion 
control—is at your service. How 
can Val-Chem Coatings stop cor- 
rosion in your plant? Write to- 
day on your letterhead for a 
prompt solution! 


VALDURA “!4’" PAINT DIVISION 
AMERICAN-MARIETTA CO., CHICAGO 11, ILL 


Figure 6—Laboratory set-up for testing ball 
and seat combinations. 


Figure 7—Detailed arrangement of ball valve 
in plastic holder. 
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SUED teercel 


The production of ethylene di- 
chloride. Ethylene and chlorine 
are blended and charged to the 
reactor. Reaction products pass 
through a MONEL Alloy 400 con- 
denser made up of a series of ; 
1 inch tubes, 193 inches long. 


How 2 Nickel alloys protect vi 


TECHNICAL TOPICS 





Seal e “(Oe 


Do 
wn 





STEP 2 


The cracking of ethylene 
dichloride. Ethylene dichloride 
enters the direct-fired cracking 
furnace as a dry vapor. The 
furnace contains INCONEL Alloy 
600 extruded tubes 3% inches 
in diameter and 15 feet long. 
Vinyl chloride is produced in 
these tubes through the thermal 
cracking of ethylene dichloride. 
The tubes, tube return bends, 
and the inlet and outlet flanges 
are made of INCONEL Alloy 600. 


nyl chloride plant 


against corrosion by HCI and Cl, 


At American Chemical Corporation’s 
new facility at Long Beach, California, 
MONEL* Alloy 400 and INCONEL* Alloy 
600 are helping to increase efficiency 
and production in this first vinyl chlo- 
ride monomer plant on the West Coast. 


INCONEL alloy 600 and MONEL alloy 
400 have excellent resistance to corro- 
sion by hydrogen chloride and chlorine. 
Both materials combat all types of 
chloride attack—general corrosion, 
stress-corrosion cracking, pitting, and 


erosion-corrosion—at elevated tempera- 
tures. 


The production of vinyl chloride is only 
one of many possible applications for 
MONEL nickel-copper alloys and 
INCONEL nickel-chromium alloys. If you 
would like to know more about these 
corrosion resistant materials, write for 
our technical bulletins T-5 and T-7. If 


you need additional help in solving cor- 
rosion problems, write to us. Our 
technical service staff will be glad to 
assist you. 


*Registered trademarks 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 


Huntington 17 a West Virginia 


NCO, 


HUNTINGTON ALLOYS 
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TECHNICAL 
REPORTS 


REFINING INDUSTRY 
CORROSION 


On sales to Texas addresses 
add 2% tax. 


T-8 High-Temperature Hydrogen Sulfide 

Corrosion of Stainless Steel-—A Con- 
tribution to the Work of NACE Tech, Group 
Committee T-8 on Refinery Industry Corro- 
sion, by E. B. Backensto, R. E. Drew, J. E. 
oe lee J. W. Sjoberg. Pub. 58-3, Per Copy 


T-8 Compilation and Correlation of High 

Temperature Catalytic Reformer 
Corrosion Data—A Contribution to the Work 
of NACE Tech. Group Committee T-8, by 
G. Sorell. Pub. 58-2, Per Copy $3.00. 


T-5B-2 Effect of Sulfide Scales on Catalytic 
Reforming and Cracking Units. Part 
1—Metaliographic Examination of Samples 
From a Catalytic Reforming Unit. Part 2— 
Intergranular Corrosion of 18-8 Cr-Ni Steel 
as a Result of Hydrolysis of tron Sulfide 
Scale. A Contribution to the Work of NACE 
Task Group T-5B-2 on Sulfide Corrosion at 
High Pressures and Temperatures in the 
Petroleum Industry. Per Copy $1.50 


T-5B-2 Collection and Correlation of High 

Temperature Hydrogen Sulfide Cor- 
rosion Data—A contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From M. W. Kellogg 
Co., New York by G. Sorell and W. B. Hoyt. 

Pub. 56-7. Per Copy $5.50. 


5B-2 High Temperature Hydrogen Sulfide 

Corrosion in Thermofor Catalytic 
Reformers—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry; From Socony Mobil 
Oil Co., Inc., Res. & Dev. Lab., Paulsboro, 
N. J, by E. B. Backensto, R. D. Drew, R. W. 
Manuel and J. W. Sjoberg. Pub. 56-8. Per 
Copy $2.50. 


T-5B-2 Effect of Hot Hydrogen Sulfide En- 

vironments on Various Metals—A 
Contribution to the Work of NACE Task 
Group T-5B-2 on Sulfide Corrosion at High 
Temperatures and Pressures in the Petroleum 
Industry: From Sinclair Res. Lab. Inc. Harvey, 
i. Pub. 57-2. Per Copy $3.00. 


T-5B-2 High Temperature Sulfide Corrosion 
in Catalytic Reforming of Light 
Naphthas—A Contribution to the Work of 
NACE Task Group T-58-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum ee From Humble Oil & 
Ref. Co., Baytown, Texas. Pub, 57-3. Per 
Copy $1.50 
T-8 Iso-Corrosion Rate Curves for High 
Temperature Hydrogen-Hydrogen Sul- 
fide—A Contribution to the ork of 
NACE Tech. Group Committee T-8, by E. B. 
Backensto and J. W. Sjoberg. Pub. 59-10. 
Per Copy $1.50. 


T-8 Minimum Corrosion for Butane Iso- 

merization Units. A Contribution to 
the Work of NACE Group Committee T-8 
on Refining Industry Corrosion by J. F. 
Mason, Jr. and C. M. Schillmoller. Pub. 
59-11. Per Copy $1.50. 


T-8 Corrosion of Refinery Equipment by 

Aqueous Hydrogen Sulfide. A Con- 
tribution to the Work of Group Committee 
T-8 on Refining Industry Corrosion by Roy 
Vv. Comeaux. Pub. 59-12. Per Copy $1.50. 


T-8A Precautionary Pusceduves in Chemi- 

cal Cleaning. A Contribution to 
the Work of NACE Tech. Unit Committee 
T-8A on Chemical Cleaning, by Robert A. 
Stander. Pub. 59-1. Per Copy $1.50 


T-8A Chloride Stress Corrosion Cracking 
of the Austenitic Stainless Stee!s— 
A Contribution to the Work of NACE Task 
Group T-8A on Chemical Cleaning, by J. P. 
Engle, C. L. Floyd and R. B. Rosene. Pub. 
59-5. Per Copy $1.50. 
Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg., Houston, Texas. Add 75c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 


Pump (Continued From Page 24) 
: Summary 
Titanium is a suitable material for use 
in gas lift valves. Although Monel and 
a stainless steels now occupy strong posi- 
an tions as materials from which most 
operating parts of gas lift valves are 
made, titanium should prove competi- 
tive at a somewhat lower price. Tita- 
nium exhibits excellent corrosion resist- 
Valve Parts ance when exposed to oil field salt 
water. Hydrogen sulfide brines do not 
notably affect it. 


TABLE 7—Erosion of Titanium and J-55 Steel 
vs Various Fluids and Flow Rates 
-_ ee 


VELOCITY 
10 fps | 40 fps 








Exposure | Wt. Loss Corrosion | wt. Loss Corrosion 
Time Hours | S gm Rate mpy | gm Rate mpy 


West Texas Crude Oil 


titanium 


titanium . 0.0041 , 7 
i 
| 


polished titanium 


polished titanium 0.0014 | 
| 





20% West Texas Crude Oil; 80% 3 30, 000 ppm NaCl brine 





0. 80: 38 





J-55 Steel 


= 0.0012 
pot 
cr 
| 
a. 


20% West Texas Crude Oil; 80% 30,000 ppm NaCl brine plus 1.2% 
150- -200 mesh screen sand 


polished titanium | 


| 
polished titanium | 0.0152 ae 


TABLE 8—Field Tests of Titanium, 9% Nickel Steel 
43-55 and N-80 Steels 


Duration of test. ; = days (July 16 to August 8, 1957). 
Crude Oil produce “d. ; lal 308 bbls. 

Brine produced ex oy 4400 bbls. 

Formation gas.......... errr ks 

Injection gas by gas a lift. baleen re =e F, 


Number Coupon | Rate mpy 


Coupled! Appearance of Coupon 
to J-55! Smooth 

001 no 

.OO1 to J-552 
0.0 | no 


e : =a 
Coupon ; Scale* | Corrosion 
| 

| 

| 


Titanium | | .010 


| 9% nickel 2 13 no Striations & corrosion around 
steel hole’ 


Mottled, uniformly corroded 
over 90% 

“Mottled, “uniformly corroded 
over 95% of area. 


Mottled, ‘severely but fairly \ uni 
formly corroded over 90% of 
area. 





36.8 


1 Coupons were arranged as shown in Figure 5. Short ¢ waghed coupons are salah’ through a washer. 
Long Coupled? coupons are at the upper and lower ends of the holder. 

2 Long coupled coupons are coupled through a washer, a bolt, the frame and another washer. 

3 Deeply corroded around bolt hole, numbered face of 9N-15. 

4 Scale quantities shown were on coupon when received. The scale was acid-soluble and is believed 
to be preponderantly calcium carbonate. 
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Titanium was found to be cathodic to ened seat faces and balls may make tita- 
the grades of steel usually employed for nium satisfactory for use in pumping 
oil well tubing. Results of field tests of | wells. Although titanium is hardenable 
metal coupons in oil well fluids, how- by cold working only, titanium alloys 
ever, were not deemed conclusive as to may be harderied by any process. 
the extent of increased galvanic corro- Titanium balls and seats cost $20.22 
sion that could be attributed to the dif- per set, whereas the cost of comparable 
ference in potential. conventional types varies from $9.31 to 

Titanium showed good resistance to $16.78 per set. Thus, titanium is at a 
erosion by sand-laden oil well fluids. disadvantage. Production cost for tita- 
Extremely good performance was ob- nium _ units undoubtedly could be re- 
tained under conditions simulating the duced to make prices nearer the same. 
flow in oil well tubing both with natural Further evaluation of titanium for the 
flow and artificial lift. two applications is justified by the re- 

Titanium ball and seat type valves, Sults reported. Limitations of laboratory 
such as are commonly found in sub- testing necessitate additional study but 


merged oil well pumps were field tested enough have been obtained to warrant 
for a year. Titanium parts did not equal further investigation. 
durability of competitive types. Hard- (Continued on Page 30) 





TABLE 9——Field Test of Titanium, 9% Nickel Steel, 
J-55 and N-80 Steels 






































Duration I oc acs a/kcs: were 8 Caner warmer > eee 22 days, August 8 to August 30, 1957 

Chie Ol PEOGUCE. 2... cence ne os (a 

RNS soo s/o a bv a's aciceu bine wcaeee 6084 bbls. 

Go po are meomnrmerer: lO? 

Injected gas by gne-Tft.. 5... co ccc ce eved 1783 MCF. 

Coupon Type of Scale? Corrosion 

Number Coupon mg Rate mpy Coupled! Appearance of Coupon 

T-5 Titanium -002 to N-80! Smooth 

T-6 -004 no | 

T-7 .006 to N-802 | 

T-8 | .012 no 

9N-9 9% Nickel od no Striations & corrosion around 
— — |---| bolt hole. 

9N-12 40 no 

J-769 J-55 44.7 no Mottled. Uniformly corroded 
— |—— ——|—______———| over 95% of area. 

J-795 35.5 | no 

N-18 N-80 236.2 | to Ti! Mottled & striated. Severly but 
ae |---- —----]--— - fairly uniformly corroded over 

N-19 79.0 | no all 

N-22 N-80 124.5 | no Mottled & striated. Uniformly 
aa | - ——— —-—- —| corroded over 95% of area. 

N-23 65.6 | to Ti? 














1 Coupons were arranged as shown in Figure 5. Short coupled coupons are coupled through a washer. 
Long coupled coupons are at upper and lower end of the holder. 

2 Long coupled coupons are coupled through a washer, a bolt, the frame and another washer. 

3 No scale weights were made on these coupons. 





TABLE 10—Electrochemical Potentials of 
Titanium and Oil Well Steels 


Potential (Volts) in brine from a well in Magnet Withers Field, Wharton, County, Texas, 
using standard saturated calomel electrode. 


Time (Minutes) 


on insert aie ania 








Metal ee ee Lk a eo ae ee 
Ms itcvshecy: 0.4938 | 0.5811 | 0.6104 | 0.6191 | 0.6245 | 0.6281 | 0.6318 
asa Fi 0.4930 | 0.5620 | 0.5813 | 0.5992 | 0.6110 | 0.6192 | 0.6250 
 eReee 0.4500 | 0.5263 | 0.5715 | 0.5934 | 0.6065 | 0.6150 | 0.6212 
Titanium. <--....] 0.3471 | 0.3393 | 0.3391 | 0.3325 | 0.3287 | 0.3234 | 0.3174 








PROCESS OF MANUFACTURE AND CHEMICAL REQUIREMENTS 














Grade API Phosphorus, Sulfur, 
Process of Manufacture and Material Designation Max., % Max., % 
Pisa geass rssarcaarbccbebpitacis acacia telbacaiscibananiieeeaiaeeieiie 
Casing and Tubing | 
Seamless or Electric-Welded Electric-furnace, open- | 
hearth, basic oxygen or killed deoxidized basic besse- 
PE a GO REE DOLE hile OS ER ERE RID REELED UR OAT | J-55, N-80 | 0.04 | 0.06 
Electric-furnace, open-hearth or basic-oxygen...... a P-110 } 0.04 | 0.06 
Killed deoxidized acid bessemer or killed deoxidized | | 
PMD ISIN, 5 hc oes cicrier a caeheueaerdseb eae J-55, N-80 | 0.110 | 0.065 


TENSILE REQUIREMENTS: 


| 





Yield Strength Tensile Strength 


Grade | Min., psi Ult., psi 
IR et. Fare... eS oenseoes aaa 55,000 | 75,000 
N-80 es oR. Bete aisle Gated eee aes a 80,000 100,000 
ER Fae awe biy eA Cale ease eh otreds BERas 


0 3 opel 110,000 125,000 
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TECHNICAL 
REPORTS 


CORROSION PROBLEMS in 
the PROCESS INDUSTRIES 


On sales to Texas addresses, add 2% tax. 


TP-5A Materials of Construction for Han- 
dling Sulfuric Acid. Corrosion, Au- 
gust, 1951, issue. Per Copy $1.50. 


T-5A Qualified Approval for D-319 An- 

alysis Austenitic Chromium- 
Nickel-Molybdenum Stainless Steel. A Report of 
NACE Technical Unit Committee T-5A On Cor- 
rosion in Chemical Processes. Publication 60-10. 
Per Copy $1.50. 


T-5A-3 Corrosion by Acetic Acid—A Re- 
port of NACE Task Grou T-5A-3 
On Corrosion by Acetic Acid. Pub. 57-25. Per 
Copy $2.50. 
T-5A-4 A Bibliography on Corrosion by 
Chlorine. A Report of Technical 
Unit Committee T-5A on Corrosion in the Chemi- 
cal Manufacturing Industry. (Compiled by Task 
sup T-5A-4 on Chlorine.) Pub. 56-2. Per Copy 
.00. 


T-5A-4 Summary of Replies to Question- 

naire on Handling of Chlorine 
Mixtures—A Report of NACE Task Group T-5A-4 
on Chlorine. Pub. 59-15. Per Copy $1.50. 


T-5A-5 Corrosion by Nitric Acid. A Prog- 
ress Report by NACE Task Group 
T-5A-5 on Nitric Acid. Per Copy $1.50. 


T-5A-5 Aluminum vs Fuming Nitric Acids. 

A Report b NACE Task Group 
Lat on Corrosion by Nitric Acids. Per Copy 
1.50. 


T-5A-6 Se of Replies on Corrosion 

in HF Alkylation Units—A Report 
of NACE Task Group T-5A-6 on HF Corrosion. 
Pub. 59-14. Per Copy $1.50. 


T-5B High Temperature Corrosion Data. 

A Compilation by NACE Technical 
Unit Committee T-5B on High Temperature Cor- 
rosion. Pub. 55-6. Per Copy $1.50. 


T-5B-3 The Present Status of the Oil Ash 
Corrosion Problem. A Progress Re- 
port of NACE Task Group T-5B-3 on Oil Ash 
Corrosion. Pub. 58-11. Per Copy $1.50. 
T-5B-3 The Residual Oil Ash Corrosion 
Problem, by C. J. Slunder and 
Bibliography for Residual Fuel Oil Ash Corrosion. 
A Report of NACE Technical Unit Committee 
T-5B, High Temperature Corrosion, prepared by 
Task Group T-5B-3 on Oil Ash Corrosion. Publi- 
cation 60-6. NACE Members $2.00; Non-members 
$2.50 Per Copy. 
T-5C-1 Some Economic Dato on Chemical 
Treatment of Gulf Coast Cooling 
Waters. A Report of the Recirculating Cooling 
Water Sub-Committee of NACE Task Grou 
T-5C-1 on Corrosion by Cooling Waters, Sou 
Central Region. Per Copy $1.50. 


T-5C-1 Water Utilization and Treatment 

Efficiency of Gulf Coast Cooling 
Towers—A Report of the Recirculating Coolin 
Water Work Group of NACE Task Group T-5C- 
on Corrosion by Cooling Woter (South Central 
Region). Pub. 57-20. Per Copy $1.50. 


T-5C-1 Evaluation of Laboratory Testing 

Techniques for Cooling Water Cor- 
rosion Inhibitors. A Report of Task Soap T-5C-1 
on Corrosion by Cooling Waters (South Central 
Region). Pub. 57-12. Per Copy $1.50. 


TP-5C Stress Corrosion Cracking in Alka- 
$2.00 line Solutions. Pub. 51-3. Per Copy 


T-5E Report on Stress-Corrosion Crack- 

ing of Austenitic Chromium- 
Nickel Stainless Steels. Sponsored jointly by 
ASTM Committee A-10 on fron-Chromium, Iron- 
Chromium-Nickel and Related Alloys, and NACE 
Technical Unit Committee T-5E on Stress-Corro- 
sion Cracking of Austentic Stainless Steels. ASTM 
Special Technical Publication No. 264. Members 
$4.80; Non-members $6 Per Copy. 


Remittances must accompany all orders for litera- 
ture the aggregate cost of which is less than $5. 
Orders of value greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M Bildg.. 
Houston, Texas. Add 75¢ per package to the prices 
given above for Book Post Registry to all addresses 
outside the United States, Canada and Mexico, 


NATIONAL ASSOCIATION 


OF CORROSION ENGINEERS 
1061 M & M Bldg. Houston 2, Texas 
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THERMOSET EPOXY RESIN 
LAYERS OF GLASS FIBER 


GLASS-SMOOTH INTERIOR 


EPOXY RESIN AND GLASS FIBERS combined in a high-speed cen- 
trifugal casting operation. High quality components processed under rigid quality 
controls bring to industry a unique and efficient non-metallic pipe. 


“Impossible” corrosion, temperature 
and pressure problems solved by 
Fibercast epoxy pipe 


® Operating temperature range wider than any 
non-metallic pipe (—65° to 300° F.) 


® Operating pressure range extends to 1000 psi. 


e@ Effectively combats corrosion, contamination, 


abrasion, scaling, electrolytic action. 


Fibercast Tubing (right) used to suspend 
a 1,200 Ib. pump for 3 years in a salt water 
supply well. There was no loss in strength. 
The damaged plastic-coated steel nipple (left) 
was used in the same installation, failed after 
3 months’ service. 


WHAT is Fibercast? 

It is a centrifugally cast, thermoset, 
epoxy resin reinforced pipe that han- 
dles temperature and pressure prob- 
lems where no other non-metallic pipe 
will do. 

Its body of woven glass fibers pro- 
vides resistance to high tension forces. 
These fibers, combined by adhesion, 
are imbedded and bonded by heat in 
epoxy resin. The result is a strong, 
long-lasting pipe with remarkable 
ability to withstand high pressure and 


temperature in corrosive environ- 
ments. 


WHY use Fibercast? 

For a multitude of reasons. Be- 
cause its advantages range from supe- 
rior resistance to heat, pressure and 
corrosion, to its ease of handling, light 
weight, dielectric properties and struc- 
tural stability. Because Fibercast’s 
long service life alone would justify 
choosing it over other materials. Be- 
cause even more expensive metal pipe 
or pipe with thermo-plastic interior 
coatings cannot match Fibercast’s 
proven durability. Case histories and 
accurate testing have proved over and 
over that Fibercast performs better, 
lasts longer, costs less. Out of 338 
common corrosive solutions, Fiber- 
cast competently handles 320. And 
naturally, Fibercast’s unique and last- 
ing qualities under such conditions 
mean that it drastically reduces main- 
tenance and replacement costs, too. 

Although Fibercast’s light weight 
makes it correspondingly easy to work 
with (it is less than 25% the weight of 
steel), it has the same basic linear 
coefficient of expansion as steel (7.06 


COMPARATIVE LIFE DATA* 


FIBERCAST, 
GRADE J 1.00 


ALUMINUM 


BRASS (RED) 


“sii 


RUBBER HOSE 


STEEL 311 
(Stainless 304-40) 


ASBESTOS 237 
(Cement-C-100) 


ee ee ee 


*Basing Fibercast as unit life of 1 and others as compar- 
ative percentages thereof. 


x 10-6 to 8.25 x 10-6 in. /in. /°F.). 
Fibercast’s strength permits installa- 
tion on pipe racks with span lengths 
generally used for metal pipe. 

The pipe has a smooth interior, 
with a Hazen-Williams C Flow Fac- 
tor of 147. This cuts friction losses, 
aids flow and tends to resist build-up. 
It is a non-conductor (accepted by 
the electrical industry as a superior 
insulator), and is not subject to cold 
flow. A low coefficient of heat trans- 
fer (3.0x 10-3 Cal /CM2? /sec /CM°C.), 
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‘minimizes heat lo=s and may even 
eliminate heat tracing. 

All three major systems of joining 
all pipe are used with equal success on 
Fibercast. They are: standard flanged, 
cemented, and threaded aid coupled 
with a complete selection of Fibercast 
fittings (the world’s largest line of cor- 
rosion-resistant epoxy pipe fittings). 

Safety, too, is an important reason 
for using Fibercast Pipe in transport- 
ing dangerous chemicals, particularly 
in areas where the pipe is adjacent to 
personnel. Most piping materials cor- 
rode undetectably from inside-to-out 
and can suddenly burst without warn- 
ing, inflicting injury to personnel. Be- 
cause of Fibercast’s woven glass fiber 
construction, such occurrences, if 
they ever occur, are detectable in min- 
ute, repairable leaks. 


WHO uses Fibercast? 


The petroleum industry . . . chemi- 
cal . . . petro-chemical . . . nuclear 
energy... textile... paper... and 
food-processing industries . . . count- 
less operations handling acids, alka- 
lies, salt water and other corrosive 
liquids under pressure can all use 
Fibercast profitably. 

In oil country, Fibercast is already 





Workman is painting a section of Fibercast 
Pipe bearing 32% HCI at Shell's Texas 
Chemical plant. Note that Fibercast has 
sufficient strength for installation on span 
racks with the spacing normally used for 
metal pipes. 


widely acclaimed for superior per- 
formance in rugged, abusive and even 
high pressure installations like salt 
water disposal wells and horizontal 
lines. In cases where other pipe and 
tubing required replacement after just 
a few weeks of service, Fibercast is 
still performing efficiently after many 
years. 

In petro-chemical and chemical- 
processing plants, Fibercast is valued 


FIBERCAST. 


COMPANY 
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» Multiple layer glass reinforcement 
Epoxy coating seal on all cut ends 
Molded threads 

Entry lead for easy make-up 

. Coupling stronger than the pipe 
Standard O.D. pipe size 

» Wrench ring (optional) 


1 
2 
3. 
4. 
5. 
6 
Y é 
8 


- Smooth interior with a Hazen-Williams C Flow Factor-147 


8 Points of Fibercast Superiority 


not only for high heat and corrosion 
resistance, but also for its remarkable 
maintenance of the purity of the solu- 
tions it is required to carry. Such in- 
stallations range from Fibercast pipes 
which carry 37% hydrochloric acid 
at ambient temperatures to lines carry- 
ing solutions containing brine, alum, 
and other sulphates, sulphuric and 
phosphoric acids, and other damag- 
ing chemicals. 

Food-processing industries, among 
the most demanding of all industries 
in purity, corrosion and heat stand- 
ards of operation, know the long-term 
benefits of using Fibercast. Fibercast 
is especially effective in the processing 
of foods requiring use of sulphuric 
and phosphoric acids (such as corn 
syrup, starches, gelatins), as well as 
brines and other highly corrosive 
acids and solutions. 

The operating conditions peculiar 
to the man-made textile and paper 
processing plants are also improved 
by the use of Fibercast Pipe and Fit- 
tings. The ever-growing demands of 
all industry... the rigid quality con- 
trols imposed by governmental and 
other agencies...the unique and often 
unsolved needs of new processes and 
methods... all of these factors help 
to create ‘‘impossible” problems that 
can be solved by the use of Fibercast. 


Complete Line of Fittings 


Fibercast provides fittings to solve 
any fitting problem. Besides a vast 
stock of standard sizes and types, 
Fibercast also designs and makes spe- 


A DIVISION OF 


SHEET AND TUBE COMPANY 


x oungstown 


cial fittings to meet individual require- 
ments. All, of course, have the same 
corrosion, pressure and heat resist- 
ance properties of Fibercast Pipe and 
Tubing. A few of the regularly stocked 
types are shown in the line drawings 
below 


ae 
OS 
Ll Kay 


If you have an “‘impossible”’ corro- 
sion, temperature or pressure prob- 
lem, consider Fibercast. This remark- 
able pipe can save you money as it 
has so many other industries. Get 
the full story without obligation now. 
Simply mail this coupon. 


FIBERCAST COMPANY C-111 
BOX 727, Sand Springs, Oklahoma 


Please send me further information 
about Fibercast Tube and Pipe. 


Name. ie 


Title 





Firm, 
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Type of Business 


Address 


CU cided ae State. 
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Pump and Valve Parts — 
(Continued From Page 27) 
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DISCUSSION 


Question by A. H. Roebuck, Western 
Company, Fort Worth, Texas: 

In cost per length of life service, is tita- 

nium now competitive? If so, where? 

Does it have some specific application 

where under specific applications it can 

be competitive ? 
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Figure 9—Titanium ball and seat field test, Caldwell and Guadalupe Counties, Texas. 
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Reply by F. W. Jessen: 

Insofar as the application of titanium 
to gas lift valves and subsurface pump- 
ing equipment is concerned, it appears 
titanium is definitely competitive as a 
material for gas lift valves. Since so 
little information is available, however, 
on sustained length of service as ball 
and seat combinations in subsurface 
pumps, no specific information can be 
given at present as to the competitive 
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position of titanium. Undoubtedly where 
severe conditions of corrosion are en- 
countered, titanium should prove com- 
petitive. 

Titanium will not likely be found to 
be competitive in shielding of splash 
zones in many off-shore installations. 
To date, however, little concrete data 
is available on such applications and no 
conclusive evidence exists as to this spe- 
cific application. 


Figure 8—Close-up views of titanium seats showing erosion by well fluids. 
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Where corrosive fluids take too great | 4.3 times that weight for alloy steel. | tions and field-erected. Equipment | 
a toll—in tanks, ducts, fume hoods Economy ATLAC 382 equip- | is readily changed and modified. 
and similar equipment—you and your | 4 ment generally costs one-half to | Ducting can be relocated and re- 
fabricator should take a long look at | one-third less than rubber-lined | assembled without special equip- | 
glass reinforced ATLAC 382. It offers | or tiled equipment, and is normally | ment or personnel. 
you seven distinct advantages for | equal to 304 and lower in price than ; 
process equipment: 316 stainless steel. It is almost al- | 7 Low maintenance ATLAC 382 


1 Corrosion resistance ATLAC | Ways a better buy than the more es Sane See 


382 is vastly superior to ferrous | @x0tic metals if temperatures and Bexar eens = 
metals in corrosion resistance, | Pressures are not too high. ROOTS PRG OF HS SNORE: SP 


; f a | ways looks clean and attractive. 
and generally superior to most non- 5 Design flexibility There arevery | 


ferrous metals and alloys, as well as | few practical limits in size and | Pine eae repair 
general purpose polyester and epoxy shape for equipment of ATLAC | , 
resins. It resists attack by many aque- | 389. What’s more, equipment can | But why not get the feel of ATLAC | 
ous solutions of acids, salts, bleaches | sometimes be redesigned to take | 382 for yourself? Let us send you 
and alkalis, at temperatures up to | advantage of ATLAC 382’s unique | details on ATLAC 382, its uses and a 
250° F. Typical service histories: a | structural characteristics—resulting | comparison of the corrosion resist- | 
tank of ATLAC 382 still in mint con- | jn extra simplification, practicality | ance of various reinforced plastics. 


a a ee = and cost reduction. | At the same time, we'll be glad to 
0 | . . 
caustic soda...no attack whatso- | 5 Easyinstallation Because ofre- | Supply a test sample so you can 


eter cn tn ATLA: 06 ale nel inforced ATLAC 382’s light | Prove to your own satisfaction that 
damper used to exhaust sulfuric acid weight, relatively few men are | ATLAC 382 is well worth consider- 
pickling fumes ... zero down-time for | Needed to install it. Also, since it can | ing. For your sample—and data on 
a nitric acid scrubber of ATLAC 382, | be joined right on the job site, large | ATLAC 382—mail the coupon, or 
even after 6 years of constant use. | equipment can be shipped in sec- | write Atlas direct. 
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High strength Pound for | ,; i 
? pound, reinforced ATLAC 382 I Atlas Chemical Industries, Inc. i 
is stronger than steel. You get | | Wilmington 99, Delaware i | 
the same total strength with less | I ' I 
total weight. Examples: 30,000-gal- | | Please send details on ATLAC 382, and a free test sample. i | 
lon tanks of ATLAC 382 are com- | ! | 
pletely self-supporting...and even NAME .. suka nalts tees Cateee tee eema Wi sas see | 
the largest hoods need no corro- I 1 
sion-prone metal bracing. | i GOAN ese aisvevcsseads pcan Sladcachi deh sentdevecenhiakewmekan osteces 
Light weight Equipment of | I BARGE os 2s ac lV ocebla de wateus eee bere anoles Ian ne ae | 
3 ATLAC 382 is generally lighter | I ae 1 
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Laboratory and Field Data on 


Chlorinated Polyether 


TABLE 1—Partial List of Materials to Which Chlo- 
rinated Polyether is Resistant to 220 F 
Organic 


Alcohol-Amyl, Butyl, 
Ethyl, etc. 


Inorganic 
Acetic Acid 


Aluminum Hydroxide, Fluoride, 
Chloride, etc. 


Ammonium Hydroxide, Fluoride, 
Chloride, etc. 


Brine 

Calcium Chloride, Hydroxide, 
Oxide, etc. 

Caustic Soda 

Chromic Acid 

Hydrobromic Acid 

Hydrochloric Acid 

Hydrofluoric Acid (60%) 

Nitric Acid (10%) 

Phosphoric Acid 


Plating Solutions—Brass, 
Copper, Chrome, etc. Kerosene 


Potassium Hydroxide, Chloride, etc. Propane 

Sodium Hydroxide, Chloride, etc. Tanning Liquors 
Water Turpentine 

Zinc Chloride, Nitrate, etc. Urea 


Benzoic Acid 


Butadiene 
Butane 


Carbon Tetrachloride 
Crude Oil 

Ethyl Chloride 
Formaldehyde 

Fruit Juices 

Glycerin 

Heptane 

Hexane 


Abstract 
Describes laboratory and field test data to show probable use 
of chlorinated polyether coatings produced by water suspen- 
sion system. Outlines steps in proper application of the coat- 
ing system. States that coating can be used on mild steel, 
stainless, Hastelloys, copper, brass and bronze. Tabular data 
show partial list of materials to which chlorinated polyether 
is resistant to 220 F and give results of laboratory corrosion 
tests on this polyether coating applied to mild steel. 5.4.5 


Introduction 
ABORATORY AND FIELD corrosion tests 
have shown that a chlorinated polyether coating 
produced from a water suspension system is an effec- 
tive barrier to corrosion under many severe service 
conditions. Permeability, inherent with this material 
as with other plastic coatings, has been minimized to 
the extent that a field failure has not been observed 
to date which could be attributed directly to per- 
meability. 

The coating system described in this article was 
made of Penton,* a high molecular weight plastic 
which has outstanding chemical resistance at ele- 
vated temperatures. Table 1 gives a partial list of the 
materials to which this chlorinated polyether is re- 
sistant to 220 F. This material’s other characteristics 
also indicated its desirability as basis for a coating 
for chemical equipment, Its low melt viscosity and 
good resistance to thermal degradation at melt tem- 
peratures suggested that dense, impervious coatings 
could be formed with heat. 

A research program devoted to producing a suit- 
able coating was begun by Pfaudler Research Labo- 
ratory in 1958. Efforts were directed to development 
of a sprayable system which would make possible 
the coating of large, complex processing equipment. 
Conventional solvent systems were considered un- 
likely because of the limited solubility of chlorinated 
polyether. The only known solvent for this material 
is cyclohexanone which dissolved a maximum of 10 
to 15 percent solids even when hot. Research, there- 
fore, was concentrated on formulation of a water 
based suspension. An extra benefit of a water system 
is the elimination of any toxicity or flammability 
hazard inherent with some solvent systems. 

Other objectives of the research program were that 
the suspension should be stable, that thick films 
could be applied in one application and that physical 


“Trademark for chlorinated polyether manufactured by Hercules Powder 
Co., Wilmington, Del. 
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and chemical properties of the pure resin should be 
retained. 

While research was underway on the water sus- 
pension formulation, additional work was begun to 
evaluate the properties of chlorinated polethyer when 
applied as a coating, Conventional dry techniques 
such as the fluidized bed were used to apply this 
polyether to samples for chemical and physical tests 
and to coat small items for field testing. The data 
on the pure resin provided basis for eventual com- 
parison with the water based coating system. 

3y 1959, a water suspension formulation had been 
developed and was used for early pilot orders and 
field tests. Original objectives had been satisfied: 
coatings in excess of 10 mils could be applied in one 
application with conventional spray equipment; sta- 
bility was excellent; preliminary tests showed that 
the system offered the same degree of protection as 
pure chlorinated polyether resin. 


Coating Procedure 


Because the polyether was being applied from a 
new type of suspension system, many problems in 
application were encountered. Details of each step 
of the coating process first evolved from the labora- 
tory and were modified later by production experi- 
ence. 

First essential step in the coating procedure is a 
thoroughly clean surface that has been roughened 
by sandblasting. Ordinary spray equipment is used 
to apply films of 10 mils or thicker. The wet coat 
is dried at room temperature or at high temperatures 
to 200 F. When the water has been removed, the 
coated piece is heated and the coating sintered at 
400 to 500 F in an oven. Additional applications are 
made in this same manner until the desired thickness 
is obtained. 

After the final coat has been fused, the hot piece 
is taken directly from the oven and quenched in 
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Water 
Suspension 


cold water. Although this step is not necessary in 
all cases, certain benefits are derived from a quick 
quench. Chlorinated polyether is normally a crystal- 
line material. A slow-cooled coating is highly crystal- 
lized and quite rigid by the time it reaches room 
temperature. Furthermore, because the thermal ex- 
pansion of chlorinated polyether is considerably 
higher than the base metal, a slow-cooled coating 
contains stresses which tend to weaken its mechani- 
cal bond with the base metal. A quenched coating, 
on the other hand, is retained temporarily in an 
amorphous condition since it passes quickly through 
the temperature region where crystal formation most 
readily occurs. Immediately after quenching, chlori- 
nated polyether in its amorphous state is soft and 
flexible enough to stress relieve itself while main- 
taining good adhesion and high gloss, Within a few 
hours, crystallization at room temperature progresses 
to a point where the coating is hard and durable. 


Tests Made on Coating Quality 


Water based coatings can be applied that are pin- 
hole free as determined by a 5000-volt a-c electric 
test, normally used for quality control in production. 
A 3500-volt test is recommended for checking conti- 
nuity of coated items after delivery or after service 
in the field. A constant voltage tester developed for 
use with glass coatings has proved satisfactory for 
this use. 

Tensile tests show the adherence of chlorinated 
polyether applied to a sandblasted surface to be in 
the 4500 psi range on mild steel and 200 psi on alu- 
minum. On tensile tests of the type used to deter- 
mine these figures, surface preparation of the sample 
and tests methods are so important that the results 


(Continued on Page 35) 
x Revision of a paper titled “Penton Coatings for Industrial Uses” pre- 
sented at the Northeast Region een National Association of 
Corrosion Engineers, October 11-14, 1960, Huntington, W. Va. 
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ATIONAL 


TRADE-MARK 


GRAPHITE ANODES ARE BEST! 


FOR LOW COST... 


“National” graphite anodes provide 
ample conductivity for economical 
ground bed design in both low and 
high resistance soils. Installed with 
graphite particle or coke backfill, 
“National” anodes offer low initial 
cost; exceptionally long life. 

National Carbon manufactures a 
complete line of anodes providing the 
economies of graphite to all types of 
cathodic installations. 


3” x 60” and 4” x 80” 
sizes in plain and NA Graphite 


3” x 30” and 3” x 60” 
NA Graphite Anodes with Type QA Connections 


2” = 12”, 2” x 20” end 3” x 30” 
Type QA Anodes of NA Graphite 


if you do not use “National” Graphite Anodes for 
cathodic protection, try them! We believe you'll find 


“NATIONAL” GRAPHITE ANODES ARE BEST 
FOR LONG LIFE AND LOW Cost! 


“National” and ‘‘Union Carbide’’ are 
registered trade-marks for products of 


> nenmeeentennceen sient TY 


FOR LONG LIFE... 


LINE WIRE 


#6 INSULATED CABLE 


a 


Since 1943, a distributed ‘National’ 
carbon anode system has protected 
2042 feet of 4 inch bare steel main for 
a large Eastern utility company. In- 
stalled horizontally (see diagram) to 
avoid shale rock, 16 — 2” x 80” anodes 
are spaced approximately 120 feet 
apart to obtain uniform protection. 
Before installation of the “National” 
carbon anodes, 4 leaks occurred on 
the main in one year. Since cathodic 
protection began in October, 1943, 
there has not been a single leak. 


INSTALLATION DATA 


Anode size: ‘‘National’’ 2” x 80” Carbon 
Backfill: Coke breeze 


Length of anode service: 15-30 ampere-years 
per anode 


Average soil resistance: 1000 to 10,000 
Ohm. cm. 


NATIONAL CARBON COMPANY ai 


Division of Union Carbide Corporation . 270 Park Avenue, New York 17, New York 7A =) DE 
IN CANADA: Union Carbide Canada Limited, Toronto 
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are most meaningful if compared with similarly pre- 
pared specimens of other materials. Therefore, other 
coating systems were evaluated by the same tech- 
niques. The adherence of chlorinated polyether to 
mild steel compared favorably with adherence values 
for vinyl-steel and phenolic-steel systems. Good ad- 
hesion also has been confirmed by field installations. 


Efforts are being made to improve adherence to 
aluminum. Through use of prime coats, bond 


, &strengths to aluminum have been improved as much 


as 60 percent in the laboratory. 


Coatings on Other Metals 

Most experimental work was on use of mild steel 
and cast iron as the base metal for the chlorinated 
polyether coating system. This water suspension 
coating also can be satisfactorily applied to stainless 
steel, the Hastelloys, brass, bronze and copper. Qual- 
ity coatings with good adherence on each of these 
metals require a clean, rough, non-porous surface. 
As with any coating system, blow holes and cavities 
in the base metal which must be bridged to form a 
continuous film are sources of trouble, either during 
coating application or after a period of service. 


Performance Data From Field Tests 

Ultimate use of these coatings, regardless of how 
easily they can be applied, depends on the corrosion 
resistance of the coatings both to chemical attack 
and to permeation. To date, there are insufficient 
data on the effects of permeation to establish satis- 
factory service recommendations for coatings. Infor- 
mation from laboratory and field tests do give some 
perspective as to areas in which this material prob- 
ably can be used, Table 2 summarizes the laboratory 
corrosion tests which have been run sufficiently long 
to permit valid observations. 

In these tests, coated mild steel plates were tested 
in both liquid and vapor phase. Results in both 
phases always were similar although more _ pro- 
nounced in the liquid phase. Base metal discolora- 
tion is attributed to permeation of minute quantities 
of reagents through the coating to the base metal. 


TABLE 2——Laboratory Corrosion Tests on Chlo- 
_rinated Polyether ‘Conmnge'e on Mild Steel 


Satisfactory Performance 1. 


‘Time Temp. 


Corrosive (Days) (F) Observations 

H20 49 210 Slight base metal discoloration 

30% F H2SOs 90 210 

20% HCI 260 210 | Coating discolored. Slight base metal dis- 
coloration 

37% HCl 30. 210 | ; 

10% HsPOs 30 210 Slight be ase metal discolor: ation , 

28% NHsOH 30 150 | Noeffet 

30% N NaOH “90 " 210 : Slight base me otal discolor ation 

Beer “90 125 / No effect 

30% KCl 30 160 


Borderline Performance | 


Coating bleached. Corrosion residue on 


10% H HNOs 90 210 
| surface 
80% HAc 30 210 Strong base metal discoloration. 


Bond extremely weak 


Unsatisfactory Performance 


Cc cating discolored and blister re od 


28% NH:iOH ~—«90~—=—so210 
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Additional information is available from field tests. 
Over 400 coated test samples and prototype pieces 
have been provided for field testing. They have con- 
sisited of standard test coupons and other items such 
as centrifuge baskets and parts, valves, paper rolls, 
agitators, pump impellers and casings, filter press 
plates and frames, thermowells, flow meter parts, 
duct work and process tanks to 200 gallons coated 
either on the outside or the inside. 

Successful field tests have been reported as follows 


1. Dilute NaOCl in NaOH, 80 F, six weeks. 

2. Benzene, CC14, concentrated HCl mixture, 80 F, 
38 days. 

3. Alternating 307 F steam and 150 F water every 
three minutes continuously for 16 days. 

4. Hard chrome plating solution, 120 F, eight days. 

5. HF, HCl and SO; mixture, 200 F, two weeks. 


6. Solution of chlorine and 8% percent caustic 
soda, 170 F, five months. 

7. Outdoor exposure in mild industrial atmos- 
phere, one year. 

8. Chlorine dioxide (primary generator), 83 F, five 
weeks. 

9. HNO;, HCl, H.SO, vapors in atmosphere, 100 
F, seven months (exterior coating). 

10. HF mixture at reflux, longer than two months 
(details confidential). 

11. Laboratory sink traps exposed to a wide vari- 
ety of organic and inorganic reagents, 114 years. 


Other field tests, however, indicated the coating 
was affected by the three following conditions: (1) 
30 percent KCl brine in Hooker Cell, 200 F, two 
weeks, (2) liquid bromine, 75 F, two days and (3) 
one-to-one HCl, reflux, 100 hours. 


Conclusions 

From these laboratory and field corrosion tests, 
it is concluded that chlorinated polyether coatings 
produced from the water suspension system are an 
effective barrier to corrosion under many severe 
service conditions. 

Extensive testing is being continued to establish 
additional data on service limitations to prevent 
misapplications. 

This coating system probably can give satisfactory 
service in many applications where conditions are 
more severe than can be handled by PVC and in 
some cases where fluorocarbons are now used, 


DISCUSSIONS 
Question by E. W. Vereeke, Cleveland, Ohio: 
Please comment on the applied cost of Penton 
coatings in regard to square foot area. 


Reply by O. J. Britton: 

Penton coatings applied by the Pfaudlon sprayed 
dispersion process cost about $4 to $6 per square 
foot. This is a very rough approximation in that 
higher or lower costs may be experienced depending 
on the configuration and area of the objects to be 
coated. 


Question by Lowell R. Yates, Huntington, West 
Virginia: 
Can Penton coatings be applied to cast iron filter 
press plates? 


Reply by O. J. Britton: 
Yes, Castings must be sound. 
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Before Corexit: As 
many as 16 rod jobs on 
9 wells in 1 month 


HUMBLE OIL & REFINING CO 
America’s Leading ENergy COmpany 


@ENCO and COREXIT are registered trademarks of Humble Oil & Refining Company 


After Corexit: | 


Only 4 rod jobs 
in any 1 Nera 


CORROSION 
INHIBITORS 


oe COREXIT saved $1,010 per well per 
year in one field . . . $780 per well in 
another .. . has proved highly profitable in 
thousands of wells. In both sour and sweet 
crude fields, COREXIT corrosion inhibitors 
prolong life of sub-surface equipment, re- 
duce well-pulling jobs and prevent produc- 
tion losses . . . usually through simple batch 
treatment. 

In deep high pressure, high bottom- 
hole temperature wells, squeeze treatment 
with COREXIT is opening new oppor- 
tunities for economical corrosion control. 
Only a few treatments per year are usually 
required. 

Find out how COREXIT can cut your 
costs. Call your Humble Salesman, or con- 
tact Humble Oil & Refining Company, 
Houston, Texas. COREXIT is available 
for immediate delivery from Humble Bulk 
Plants. 
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Diffraction Reveals 
Surface Reactions 
of Metals to Gases 


A new method of studying atomic 
surface reactions of metals to gases is 
expected to add considerably to under- 
standing such surface phenomena as 
catalysis and corrosion. 

By diffracting low energy electrons 
from a surface and accelerating them 
by a strong electric field to a fluorescent 
screen, a diffraction pattern is produced 
on the screen. This pattern reveals the 
arrangement of the first monolayer of 
atoms on the surface. 

The low energy electron diffraction 
technique and findings were described 
by the developer, L. H. Germer, and 
A. U. MacRae, both of Bell Telephone 
Laboratories, 463 West Street, New 
York 14, N. Y., at the International 
Conference on Magnetism and Crystal- 
lography held in Kyoto, Japan, in Sep- 
tember. 

In studies of oxygen and hydrogen 
adsorption on a nickel crystal, Germer 
and MacRae found that after a mono- 
layer of oxygen had been adsorbed, 
nickel atoms diffused to the surface, 
producing an orderly arrangement con- 
taining either one or two oxygen atoms 
for each nickel atom. The arrangement 
containing equal numbers of oxygen and 
nickel atoms was found to be remark- 
ably stable and to persist to tempera- 
tures at which nickel evaporates rapidly. 
They also found that oxygen can be 
removed easily by hydrogen at moderate 
temperatures and that hydrogen can be 
removed by slight heating. 





RECORD and REPORT 


Swabbing Line's Plastic Core 
Resists Down-Hole Corrosives 


A fibrous polypropylene core for oil 
field wire has proved its resistance to 
down-hole corrosives and high tempera- 
tures. It showed no deterioration (see 
photograph) when inspected after one 
year’s service in a swabbing line in West 
Texas. During this period it was ex- 
posed to acids and temperatures to 
280 F. 

Devonian Well Service of Odessa, 
Texas, put a polypropylene core swab- 
bing line in service in April, 1960, on 
its No. 10 unit for use in deep wells. 
The unit, which does rod-and-tubing 
work as well as swabbing, was used in- 
termittently, with periods of storage for 
eleven months. In March, 1961, the unit 
was set over a deep well in Pecos 
County to swab through 3¥%-inch drill 
pipe almost continuously for four weeks 
down to 13,500 feet handling 121,000 
gallons of 15 percent hydrochloric acid 
and jelled acid, all preheated to 180 F. 
These acids were pumped into the well 
and then swabbed back immediately. 
Four times the usual quantity of in- 
hibitor was added to the acid. Also 
handled were 145,000 gallons of jelled 
water frac sand. Bottom-hole tempera- 
ture was 280 F for the well. 





RECEIVING AN EPOXY-PHENOLIC PAINT JOB is retired Army duck now being used by 
eight college students from New York and New Jersey on a 27,000-mile “Operation 
America” goodwill tour through 17 Latin American countries this year and next. En route 
south of the border, the self-styled Peace Corpsmen stopped in St. Louis to have the duck 
protected against jungle weather. While Charles Grisby cf Plas-Chem Corporation sprays, 


one of the students strums “Hard Travelin 


oa“ 


on his guitar, The tour is being sponsored by 


Rotary International. 
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POLYPROPYLENE CORE, washed free 

of grit and broomed out, shows no de- 

terioration from down-hole corrosives 

and high temperatures during one 

year’s service in an oil well swabbing 
line in West Texas. 


Inspection of the line after this serv- 
ice revealed no deterioration of the core. 

The polypropylene core is a develop- 
ment of U. S. Steel’s American Steel 
and Wire Division, Rockefeller Build- 
ing, Cleveland 13, Ohio, to end costly 
wire failures. Corrosion of the core 
through contact with acids, salt water, 
hydrogen, sulphide gas or sour crude is 
a major cause of premature wire line 
retirements in the oil industry. If the 
core, which holds the steel strands of 
the line in position, deteriorates, the 
strands stretch, flatten out or abrade 
each other. These aberrations eventually 
make the wire unsafe mechanically and 
its use a dangerous risk financially. 


India Surveying Interest 
In Corrosion Conference 


India is exploring the possibility of 
holding a conference on the corrosion 
of metals in November, 1962. 

Letters to various corrosion groups 
have been mailed to assess the response 
to such a meeting at the Defense Re- 
search Laboratory, Kanpur, India, under 
the auspices of the Ministry of Defense 
and the Council of Scientific and In- 
dustrial Research. Conducting this pre- 
conference survey is J. N. Nanda, Di- 
rector, Defense Research Laboratory 
(Stores), Box 320, Kanpur, India. 

Mr. Nanda reports that the Council 
of Scientific and Industrial Research 
has formed an All India Coordinating 
Committee for corrosion research to 
promote, pian, coordinate and support 
corrosion research. 
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Plastic Applicators’ four strategically located pipe-coating 
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HOUSTON 


plants can help you cut tubing inventories, speed coated-tubing 


Many operators now keep their capital 
investment in tubing inventory low by 
purchasing locally from supply stores or 
mill stock, in quantities to meet only cur- 
rent needs. Usually an operator’s inven- 
tory can be smaller if he can have his 
tubing coated quickly at a nearby plant. 
Such minimum-investment purchasing is 
especially practical for most Gulf Coast 
and Permian Basin operators because four 
conveniently located Plastic Applicators’ 
plants at Harvey and Morgan City, Lou- 
isiana, and Houston and Odessa, Texas, 
give them quick delivery. 

The strategic locations of these plants 
also help operators keep their freight costs 
low. (An added convenience is the full 
range of in-plant inspection services for 
new and used pipe offered by Plastic 





deliveries, and reduce freight costs for both new and used tubing. 





PLASTIC APPLICATORS, INC. 


Applicators’ Pipe Inspection Division. 
Money-saving combination coating-and- 
inspection rates are available). 


Call a nearby Plastic Applicators plant 
or sales office today for the complete 
story on how Plastic Applicators’ con- 
veniently located plants and on-time deliv- 
eries can help you cut costs. 


LOCATIONS: 


Main Office: 7020 Katy Road, P. O. Box 
7631, Houston, Tex., UN 9-361]. Plants: 
Harvey and Morgan City, La. Houston 
and Odessa, Tex. 


Sales Offices: Midland and Corpus Christi, 
Tex.; Hobbs, N.M.; Tulsa, Okla.; Houma, 
Lafayette, New Orleans, and Shreveport, 
La.; Jackson, Miss. 
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Paint Manual. Second Edition. 262 
pages, 4% x 7% inches, flexible. 1961. 
Bureau of Reclamation, U. S. Dept. of 
Interior, U. S. Govt. Printing Office, 
Washington 25, D. C. Per copy, $1.75. 

A handbook prepared for the informa- 

tion of the bureau’s personnel concerned 

with painting. 

Contents include: Paints and paint 
materials, pigmented, clear; bituminous 
and others, accessory materials. Wood 
painting, selection, surface preparation, 
paint preparation, application, mainte- 
nance, wood preservation. Metal paint- 
ing, corrosion, coating selection, surface 
preparation, paint preparation, applica- 
tion, handling and storage of painted 
metals, maintenance painting. 

Concrete and plaster, miscellaneous 
surfaces, selection, surface preparation, 
paint preparation, application and main- 
tenance. 

Other sections cover inspection, safety 
and care of materials. A list of specifi- 
cations is appended. There is a short 
alphabetical subject index. 


Metallic Fatigue. By W. J. Harris. 331 
pages, 6 x 9 inches, cloth. 1961. Perga- 
mon Press, Ltd., 122 East 55th St., 
new York 22, N. Y.; also Headington 
Hill Hall, Oxford, 4 & 5 Fitzroy 
Square, London W.1; 24 Rue des 
Ecoles, Paris 5; Kaiserstrasse 75, 
Frankfurt am Main, Germany. Per 
copy, $12.50. 

A comprehensive survey of the whole 
field of metallic fatigue with emphasis 
on aircraft structures. Included are sec- 
tions on stress concentration, alleviation 
of stress concentration, frequency para- 
meters, corrosion, fretting fatigue, crack 
propagation, statistics and standard air- 
craft processes. 

Each section has appended references, 
which for the whole book number 376. 
There is an alphabetical subject and an 
alphabetical author index. The book is 
liberally illustrated and contains numer- 
ous graphed and tabulated data. 


Twenty-Year Atmospheric Corrosion 
Investigation of Zinc-Coated and Un- 
coated Wire and Wire Products. By 
Fred M. Reinhart. 141 pages 6 x 9 
inches, hard paper. June, 1961. Ameri- 
can Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. Per 
copy, ASTM members, $5.50; non- 
members, $4.40. 

Results of 20-year tests on zinc-coated 
copper bearing and bare steel; lead and 
copper-coated steel wire and wire prod- 
ucts at 11 sites located in a variety of 
environments in the United States are 
reported. The samples consisted of 
wires, barbed-wires and fabricated ma- 
terials such as fences, wire-strand and 
chain-link fences. Among the special 
samples were 18-8, 12-14 Cr cold drawn 
and air-quenched wires. 

Extensive data are given on the ma- 
terials in the test, the testing program, 
details and techniques of examination. 
Included are photomicrographs of repre- 
sentative samples, accompanied by tabu- 
lated data pertinent thereto. Tensioned 
and untensioned specimens were tested. 

Extensive tabulated data are given 
on the individual lots, types of coatings, 
and performance at the several loca- 
tions. Computed are average corrosion 


(Continued on Page 40) 
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ONE of the new, large monomer cast 

nylon shapes produced by The Polymer 

Corporation is 44-foot gear being dis- 

cussed by Polymer’s President Louis L. 

Stott, left, and Vice President Ralph 
E. James. 


Large Nylon Forms 
Produced by Casting 
Caprolactam Monomer 


Large nylon shapes not possible by 
extrusion or injection molding are possi- 
ble by monomer casting, according to 
The Polymer Corporation, Reading, Pa. 

Parts of unlimited thickness can be 
formed by casting melted caprolactam 
monomer at atmospheric pressure. In- 
duction and extrusion molded nylon 
parts, made from powders of polymer 
which cost twice as much as monomer, 
are limited to thicknesses of 4 to 1% 
inches and 3 to 4 inches respectively, 
Polymer says. 

The Polymer Corporation, which has 
the exclusive right to use the process in 
the field of casting nylon shapes, mar- 
kets the monomer castings as MC nylon 
in various mill shapes including plate, 
rod and tubular bar. 
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Russia's Corrosion 
Research Equals 


Western World's 


Russia’s corrosion research is on a 
par with the Western world’s. Also, 
there is no evidence that the Russians 
are on the verge of a major break- 
through in the field. This is the evalua- 
tion of a survey by the U. S. Depart- 
ment of Commerce of 1500 references 
from Russian technical literature for the 
period 1950-60. 

Published in July, 1961, the 143-page 
survey, titled Soviet Research on Corro- 
sion of Special Alloys, is available for 
$2.75 from the Office of Technical Serv- 
ices, Business and Defense Services Ad- 
ministration, U. S. Department of Com- 
merce, Washington 25, D. 

Information sources of the survey, 
concerned particularly with materials 
used in constructing aircraft and nu- 
clear reactors, included the Abstract 
Card Service of the National Associa- 
tion of Corrosion Engineers, Chemical 
Abstracts and the USSR’s Referativnyy 
Zhurnal. Other sources were the Library 
of Congress’ Monthly List of Russian 
Accessions and the periodical Technical 
Translations published by the U. S. 
Department of Commerce’s Office of 
Technical Services. 


Petroleum Group to Meet 
In Chicago Nov. 13-15 


The American Petroleum Institute 
will hold its 41st annual meeting in 
Chicago November 13-15. Convention 
headquarters will be in the Conrad 
Hilton Hotel with sessions also being 
conducted in the Pick-Congress and 
Palmer House Hotels. Approximately 
6500 are expected to attend. 

U. S. Senator A. S. Mike Monroney 
of Oklahoma will address the opening 
session Monday, November 13. Assist- 
ant Secretary of the Interior John M. 
Kelly will address the second general 
session Wednesday, November 15. 


LET Ort WORK FOR YOU 24 HOURS A DAY TO PROTECT YOUR 





Write or 


OFFSHORE EQUIPMENT AGAINST COSTLY CORROSION . . . 


phone today for COSTS + SURVEYS > 
INSTALLATIONS + MATERIALS 


Corrosion Rectifying Co., Inc. 










Two-fisted Coreco protection pays for itself 
many times. Whether your problem is better 
solved by rectifiers or magnesium anodes, our 
engineers have the knowledge to determine 
lowest overall installation and operating costs. 
It costs you nothing to check with Coreco 
engineers. ri 






DESIGNS 


5310 ASHBROOK + MO 7-6659 
HOUSTON 36, TEXAS 
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Four Firms Combine 
Work on Platinized 
Titanium Electrodes 


Four international firms have com- 
pleted agreements for the development, 
production and sale of platinized tita- 
nium electrodes for use in electrochemi- 
cal processes such as chlorine production 
and cathodic protection. 

Engelhard Industries, Inc., 113 Astor 
St., Newark 2, N. J., has been named 
licenssee under United States, Canadian 
and Mexican patents for the manufac- 
ture and sale of the electrodes. The 
three other companies involved are Im- 


GE 


perial Chemical Industries, Ltd., of 
England, Amalgamated Curacao Patent 
Company of Curacao and Magneto- 
Chemie N.‘V. Schiedam, Holland. These 
companies will cross license under their 
patents and collaborate on developing 
additional uses of the electrodes. 

The companies expect that the great- 
est use for the electrodes will be in large 
scale production of chlorine by brine 
electrolysis. Possible uses include elec- 
trolytic manufacture of other chemicals, 
conversion of sea water and brackish 
water to fresh drinking water by elec- 
trodialysis and cathodic protection 
against corrosion for steel ships, bridges 
and other structures, tanks and chemi- 
cal equipment. Other uses are electro- 
plating, hypochlorite generation, electro- 
phoresis and fue! cell electrodes. 


REE eS 


POSITIONS WANTED and AVAILABLE 


Active and Junior NACE members and com- 
panies seeking salaried employees may run 
two consecutive advertisements annually 
without charge under this heading, not over 


Positions Wanted 


Corrosion Supervisor with major oil company 
and 12 years’ corrosion experience (pipelines, 
gas and LPG plant, production, marine craft) 
desires relocation Arizona, California. Sales or 
engineering. Top references. 
Place, Tucson, Ariz. 


1301 Thurber 


Chemist B. S., Master’s courses completed metal- 
lurgy. Worked with, studied corrosion. Same 
company: Laboratory, development metal tub- 
ing 6 years; supervisor photoetching depart- 
ment 5 years, now closed. 3, married, family. 
Prefer Northern Third U. S. CORROSION, Box 
61-24. 


Positions Available 


CHEMICAL 
ENGINEER 


and 


CHEMIST 
CORROSION CHEMISTRY 


Chemical Engineer: Experience desirable 
but not necessary. Excellent opportu- 
nity for a recent college graduate 
interested in beginning a career in 
corrosion engineering including  cor- 
rosion research, selection of materials 
of construction and consultation on 
design of new equipment. 


Chemical or Corrosion Engineer or Chem- 
ist: Knowledge of corrosion resistant 
and mechanical properties of metals 
and alloys as well as practical experi- 
ence with corrosion problems in petro- 
leum refinery or chemical plant equip- 
ment necessary. Will be responsible 
for laboratory corrosion studies and 

investigation of refinery and _ petro- 

chemical corrosion problems. Oppor- 
tunity to grow with small expanding 
group. 


Outstanding Benefits - Salary Open 





Send Resume To — 
ROBERT A. MATTESON 


SUN OIL COMPANY 








1608 Walnut Street Philadelphia 3, Pa. 


— ———_.4 


35 words set in 8 point type. Advertisements 
to other specifications will be charged for 
at $12.50 a column inch. 


Ss 


Positions Wanted 


Consulting Chemist with worldwide reputation 
on paints, lacquers and allied coatings avail- 
able for specifications, sales service, trouble 
shooting, literature research and formulation. 
Expert on corrosion problems. Creative, sales- 
minded, experienced writer and speaker. COR- 
ROSION, Box 61—26 





Sales Manager and/or Corrosion Engineer. 15 
years experience in the corrosion field. Spe- 
cialized during the past 6 years as sales man- 
ager for firms dealing with pipeline coatings 
and cathodic protection. Excellent record. Desire 
West Coast. CORROSION, Box 61-23. 


Positions Available 


CORROSION 
CHEMIST 


Career opportunity for chemist 
with minimum of 2-3 years ex- 
perience in development of cor- 
rosion inhibitors for petroleum 
industry, either production or 
refining. Work in modern new 
laboratory for company that 
pioneered the Tretolite line of 
KONTOL Corrosion Inhibitors 
for the petroleum industry. 
MS or PhD degree in Chem- 
istry, Metallurgy, or Chemical 
Engineering. All replies held in 
strict confidence. Write to: 


Director of Research 


PE TROLITE 


CORPORATION 


369 Marshall Avenue /Saint Louis 19, Missouri 
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GLASS REINFORCED polyester tank 
designed for storing or processing 
chemicals is marketed by Justin Enter- 
prises, Inc., 3755 Edwards Road, Cin- 
cinnati 9, Ohio. Special bisphenol A 
polyester resin used in fabricating the 
tank is more resistant to prolonged 
contact with most acids, alkalies and 
bleaches at elevated temperatures than 
general purpose or other polyesters, 
Justin says. The tank, called a Chemi- 
sphere, is available in diameters of 6 
feet and 8 feet with capacities of 847 
and 2009 gallons. 


BOOK NEWS 


(Continued From Page 39) 

losses of 
the year, 
zinc 


rates, time to 
zinc, effects of seasons of 
effect of application method on 
coating performance and others. 


rust, average 


The Practice of Anodic Oxidation of 
Aluminum. (In German) By Walther 
W. G. Hubner and Ad. Schiltknecht. 
431 pages, 6 x 8% inches, cloth. 1961. 
Aluminum Verlag GMBH, Jagerhof- 
strasse 29, Dusseldorf, Germany. Per 
copy, DM 36. 

An exhaustive treatise on the subject, 
profusely illustrated and diagrammed. 
Contents include: Operations, chemical 
procedures, construction and selection of 
materials, installation, mechanical pre- 
treatment of parts for anodic oxidation, 
operation techniques, research and typi- 
cal defects encountered in anodically 
oxidized surfaces. 

There are 87 literature references and 
an alphabetical subject index. Advertise- 
ments of suppliers and equipment man- 
ufacturers are carried at the end of the 


book. 


De Corrosieweerstand van Thermisch 
Verzinkt Staal. (Corrosion Resistance 
of Hot-Dipped Galvanized Steel). In 
Dutch. 99 pages, 534 x 8% inches, 
paper. 961. Stichting Doelmatig Ver- 
zinken, Jan van Nassaustraat 93, 
s’Gravenhage, Holland. Availability not 
indicated. 

Dutch version of a similar work pre- 

viously published in English, Italian, 

German and French. Of the 140 refer- 

ences listed not one is from CorrRosIoNn. 
The contents include characteristics 

of the coatings, atmospheric corrosion, 
corrosion in water, corrosion in chem- 
ical-contaminated water. There is an 
alphabetical subject index. 
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now... longer life, 
improved performance 
for pipelines, crude units... 


RETA SNE NCTE URN 


with Unicor 


Are you aware of the tremendous dif- 
ference a small amount of Unicor can 
make in pipelines and crude units? 

This film-forming, oil-soluble inhibi- 
tor prevents all kinds of corrosion. 
Wherever Unicor has plated out on a 
surface, it gives protection to tanks, ves- 
sels and pipelines whether full, part-full 
or empty. 

By adding a small amount of Unicor 
to your product—10-20 parts to a million 
—you prevent product contamination, 
profit-robbing corrosion; assure mainte- 
nance of full-flow capacity and output. 

Furthermore, use of Unicor substan- 
tially reduces filter cleaning and replace- 
ments, scraping operations, power costs 
and expensive downtime. 

What Unicor does for tanks and 
pipelines it also accomplishes in crude 
units and other refinery equipment. For 
detailed information, write to our 
Products Department. 


UNIVERSAL OIL 
PRODUCTS COMPANY 


30 Algonquin Road, 
Des Plaines, Illinois, U.S.A. 
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The Variable Angle Beam Transducer 


This new transducer has been specially engineered for angle beam testing 
with the SONORAY® flaw detector. It incorporates a variable collimator 
designed to intensify the ultrasonic beam when needed. In addition to 
standard internal flaw detection, the variable angle beam transducer is 
also suitable for weld inspection and thickness gaging. The transducer is 
interchangeable in order to make the frequency fit the job. There are two 
versions of the variable angle beam transducer presently available: One 
for continuous water flow and the other with stationary water inside the 
shoe. The outstanding advantages are: 


®@ Continuously adjustable for all angles, from straight to surface wave. 
@ Interchangeable transducer and beam collimators. 

@ Suitable for high temperature work and rapid surface scanning. 

®@ Selection of shoes, flat or curved, to fit the surface of the work piece. 


The variable angle beam transducer is further proof of the technical 
ingenuity and know-how of Branson’s Ultrasonic Test Division. The 
next time you have a testing problem call BRANSON and see how fast 
BRANSON will find the best solution in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN ULTRASONICS 


RANSON INSTRUMENTS, INC. 


Uitrasonic Test Division 
Brown House Road, Stamtord, Conn. 


Monsanto to Build 
Plant in Augusta, Georgia 


Monsanto Chemical Company’s Inor- 
ganic Chemicals Division will begin con- 
struction early next year of a plant at 
Augusta, Ga., to produce phosphoric 
acid and sodium tripolyphosphate. Pro- 
duction is scheduled to begin the first 
part of 1963. 

Monsanto says locating the plant at 
Augusta will enable it to expand mar- 
keting services to the Southeast’s fast 
growing detergent and metal industries. 


Visco Moves Headquarters 
To Sugar Land, Texas 


Visco Products Company formally 
opened its new offices and laboratory 
September 15 at Sugar Land, Texas, 
twenty miles southwest of Houston. 
Visco, which produces chemicals for 
the oil industry, began manufacturing 
operations in Sugar Land in 1933. Until 
the recent move, however, its general 
office was in Houston. 

The new $750,000 building to house 
the office and laboratory contains 25,000 
square feet of floor space, of which 
14,000 square feet will be utilized by 
the laboratory. 


REFRACTORY MATERIALS such as 
alumina and tungsten can be deposited 
as coatings with an electric arc system 
that generates a stream of inert gas 
to temperatures as high as 30,000 F. 
Powdered materials injected into the 
plasma stream are instantly melted 
and propelled as a high velocity spray. 
Console, shown in photograph, provides 
control of electrical power, plasma gas 
flow, powder feed rate and cooling 
water flow. Gun weighs less than 312 
pounds, The console and gun are com- 
ponents of the Avco PlasmaGun Sys- 
tem marketed by Avco Corporation, 
201 Lowell Street, Wilmington, Mass. 
System also includes a power supply, 
a water-wash spray booth and such 
other cables and feed-tube assemblies 
as may be required for specific appli- 
cations. 
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Corrosion control positive: 


FEDERATED GALVANIC ANODES 


and other non-ferrous protective materials 


Federated galvanic anodes, specially designed to protect pipe- 
lines and other buried structures, are just one of the wide range 
of Federated materials to control corrosion. Federated’s Corro- 
sion Advisory Service can recommend the best for you . . . mag- 
nesium or zinc anodes; lead sheet, pipe, and fittings; zinc and 
zinc alloys for galvanizing; copper and aluminum alloys; and 
plating materials that include nickel, copper, lead, cadmium, zinc 
and silver anodes, nickel salts and addition agents for plating 
baths. For complete data, write or call—Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broadway, 
New York 5, N. Y. or a nearby Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 





CINCINNATI, OHIO 
Cherry 1-1678 


CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 


DETROIT 2, MICHIGAN 


Trinity 1-5040 
EL PASO, TEXAS 


(Asarco Mercantile Co.) 


3-1852 


HOUSTON 29, TEXAS 


Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 


PHILADELPHIA 3, PENNA. 


Locust 7-5129 


PITTSBURGH 24, PENNA. 
Museum 2-2410 
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PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 


ST. LOUIS, MISSOURI 
Jackson 4-4040 


SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 





DERATED METALS DIVISION 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 
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IBM Seals Thousands 
of Tiny Diodes at 
One Time With Glass 


Sealing thousands of microminiature 
diodes simultaneously, instead of one at 
a time, against moisture and other at- 

: he mospheric contaminants is achieved by 
a glass film deposition technique de- 
f} : veloped by International Business Ma- 
chine Corporation, Box 380, Pough- 
keepsie, N. Y. IBM says the new sealing 
method holds promise of overcoming 
a many cost and reliability problems 
@ ALTON es ; yt inherent in producing microminiature 
. : devices. 
oo) . The diodes, so small that a thousand 
S are cut from a silicon wafer the diam- 
ST. LOUIS eter of a nickel, previously were sepa- 
rately encapsulated in plastic or glass 
made at relatively low heating tempera- 
tures or enclosed in hermetically sealed 
metal containers. 

Now, after the diodes are fabricated 
on silicon wafers and oxidized, glass 
powder is applied to the wafers and 
fired at more than 1500 F. The result 
is a microscopically thin film of chemi- 
cally resistant glass with a smooth, pin- 
hole free surface. 

The wafers are then cut ultrasonically 


, into tiny diodes, each retaining its glass 
seal. Electrical contact to the diode is 
made through a small hole etched 
through the glass and oxide. 
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from SPI’s new Alton, Illinois Plant 


comes STANDARD X-TRU-COAT 


Standard Pipeprotection’s new plant at Alton, Illinois has been ship- 
ping Standard X-Tru-Coat pipe to the Southwest and West since 
early July. Sizes available include 34” Nom. through 444” O.D. 


X-Tru-Coat high density polyethylene plastic coating for pipe is pro- 
duced under the DeKoron process — Pat. Nos. 2,447,420 and 2,467,642 
—and is extruded on pipe over a pressure sensitive adhesive. 


Standard Procedures assuring top quality prevail at the Alton, GLASS a thousand times thinner than 
Illinois plant, as they have for many years at SPI’s coating and — SS ae — —— 

° . ss ° pe : fodes on section of silicon water a 
wrapping plant in St. Louis. In-Transit privileges are available at IBM Laboratories, Poughkeepsie, N. Y. 
both plants from any pipe mill. Glass powder fired at 1500 F produces 


Standard Pipeprotection, with the introduction of X-Tru-Coat, has A Te ee eee 


continued to contribute to the progress of the oil and gas industry. nickel, is ultrasonically cut into more 
than a thousand diodes, each retaining 
its permanent glass seal. 


Write for complete information and ° 


: for Price List Number X-1. In the production of iron and steel in 

® 1960, steel companies in the U. S. con- 

e e i sumed 114.5 million tons of iron ore, 

standard pipeprotectionn @98C. 71.4 willion tons of coking coal, 25.9 


million tons of limestone and 52.1 mil- 


3000 SOUTH BRENTWOOD BLVD. e = ST. LOUIS 17, MISSOURI lion tons of scrap. 





RT 


ND REPO 


< 
9 
| 
S 
o 
3) 
ej 


1961 


’; 


Novembe 


Gv0Z-Z OL BUOY, ‘AeuMOg 
38813S JOIINW TESL 
S3T39NV SOT 


TEL9-9 UOSIBINZ 
"AMH SMOIPUY GzP 
yvssidgo 


p9ZL-€ DNINL 
29/UMOIG *S OZ9T 
ILSIYHD SNdYOO 


€6EL-2 SP!SABALY 
pseaeH “S 0LS2 
VSNL 


QTEL-2 UOSHOVF ENED B9P ‘JUOWIEq 
191184 L29T ‘JO Jewjag 7 
SNV314¥O MAN HOYNGSLLId 


Ot Baas 13 Ria CE SLUG L899 XOg ‘0 ‘d 


DOIAIBS UOI}D9}OId DIPOY}eS 


“uO!JeJeySuy ‘UsISeg ‘AeAINS ‘ONINFINIDNA ‘SONILVOD A3dVL DILSW1d dVYHOLOOS PUe NAWAIOd ‘SURIdILOIY *SYOLVYANSD 91419973 
“OWUSHL 'AO19 10 8HOD ‘1714NOVE fWnlueyy-wNUIzVeld ‘9R!Ydes1H ‘wnulwAjy ‘suIZ ‘wWHisauseW ‘SIQO0NV 


quawdinba 
UOIJINIJSUOD 
UJBPOW JSOW ay [ 

Ma) 7-1-1 Ce) 
YIOJS JSabHse/ ay / 
mamaee #17 home OO) Pk) 0 
eke UL YP eb <) 


jsoul ‘Ysabse/ ay] 


ne |) EC 


UOIAJO/d Ipoyjyeg Aayusns 
SIBAI/9P SdD 


IATIOS Ad" WALVM AG" “Ul Ad 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Se 
Cc YANAATID 
as 


CORROSIONEERING 


WITH LAMINAC 


POLYESTER RESINS 


Problem: Get a7’ tank through a 3 door 


ANSWER: LAMINAC! For years, Laminac has proved success- 
ful in resisting the corrosive action of industry’s strongest 
chemicals. In the case of the North Tonawanda water depart- 
ment, however, versatile Laminac did much more than provide 
corrosion resistance. It helped the city avoid the high cost of 
breaking down a wall in order to install a new 7’ diameter 
storage tank. 

How? A Kabe-O-Rap tank, made of glass-reinforced Laminac 
and stainless steel cables by Metal Cladding, Inc., was assem- 
bled inside the building from pre-molded sections. Result: 
Costs were cut in half. 

What’s more, North Tonawanda’s large Kabe-O-Rap tank, as 
well as their 3’ version, will fight off the acid attack of the 
city’s 23% hydrofluosilicic acid indefinitely. They need no 


painting or other costly maintenance. Size and location of out- 
lets can be changed. If repairs become necessary they can 
easily be made by patching with Laminac and fibrous glass. 


Learn more about Laminac, the material that has been solv- 
ing industry’s toughest corrosion problems. For details or tech- 
nical assistance, contact any Cyanamid office listed below. 


AMERICAN CYANAMID COMPANY - PLASTICS AND RESINS 
DIVISION + Wallingford, Connecticut. Offices in: Boston 
* Charlotte + Chicago +» Cincinnati + Cleveland + Dallas + 
Detroit » Los Angeles » Minneapolis » New York + Oakland » 
Philadelphia * St. Louis » Seattle. In Canada: CYANAMID OF 


Monteal ‘Taonte, ANA Ra EB 
Montreal « Toronto. 
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COMPLETELY AUTOMATED machine for galvanizing and other surface treatments of 
metals has been placed in production by a Netherlands firm and will soon be exported 
to the United States. 


Dutch Firm Making 
Automated Machines 
For Galvanizing 


A completely automated machine 
which carries out the entire cycle of 
operations required for galvanizing and 
other surface treatments of metals has 
been placed in production by a Nether- 
lands firm and will soon be exported to 
the United States, according to the 
Netherlands Trade Commission, 10 
Rockefeller Plaza, New York 20, N. Y. 

The manufacturer, Metallic Industry 
N.V. of Loosdrecht, The Netherlands, 
reports the installation performs the 
following sequence of operations: sus- 
pension and removal, electrolytic de- 
greasing, cold rinsing, acid bath, cold 
rinsing, zinc, cadmium or nickel plating, 
cold rinsing, passivating (or acid bath), 
cold rinsing, decolorizing (or chromium 
or brass plating), cold rinsing and hot 
rinsing. 

The machine, circular in shape and to 
be available in various models with 
diameters of 13 to 1914 feet, is 8 feet 
high and divided into 16 sections. Sec- 
tions 6 to 10 form one large bath in 
which the actual treatment of gal- 
vanizing or cadmium or nickel plating 
occurs. 


Beryllium Conference Set 
December 4-5 at N.Y.U. 


A two-day conference on beryllium 
metallurgy will be held December 4 and 
5 at New York University’s Washing- 
ton Square Center. 

The program, intended for engineers 
from industrial, research and govern- 
mental organizations, will cover beryl- 
lium as a key metal in missile and 
rocket research along with such other 
topics as purification, mechanical metal- 





lurgy, corrosion and structural applica- 
tions. Sixteen papers are scheduled. 

The conference will be presented by 
the department of metallurgy and ma- 
terials sciences of NYU’s College of 
Engineering and the university’s Bureau 
of Conferences and Institutes. Sponsor- 
ing the conference are the Beryllium 
Corporation of America and the Brush 
3eryllium Company. 


A.S.T.M. Changes Name 


The American Society for Testing 
Materials has changed its name to 
American Society for Testing and Ma- 
terials, the “and” having been added to 
emphasize the society’s research work 
in seeking knowledge of the nature of 
materials. 

The ASTM, which was founded in 
1898, now has almost 11,000 members. 
In addition about 7,000 engineers and 
others serve as representatives of com- 
pany members on the society’s 87 tech- 
nical committees. 


Lost Wax Casting Used 
To Make Bone Substitutes 


Investment or lost wax casting is 
often the only economical means of 
fabricating prosthetic devices used by 
surgeons to substitute for damaged 
bones and joints, Casting Engineers, 
2323 North Bosworth Avenue, Chicago, 
Ill., reports. 

Alloys used in these castings must 
be impervious to body chemicals, must 
exhibit uniform grain structure and high 
density and must pass 100 percent x-ray 
and zyglo. inspection. 

Typical is a prosthesis for replacement 
of fractured joints in hip surgery. It is 
cast from a cobalt-base alloy (AMS 
5385) equivalent to Stellite 21, a mater- 
ial often used in high performance jet 
engine blades. The alloy, Casting En- 
gineers says, is virtually impossible to 
machine in such intricate configurations 
as the hip prosthesis. The as-cast sur- 
faces normally require only light polish- 
ing before being used. 
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Engineering Council Moves 
To New Engineering Center 


Engineers Joint Council, federation of 
24 national and regional engineering 
societies, moved into the new United 
Engineering Center facing the United 
Nations Plaza September 5, joining 18 
other major engineering groups. 

New quarters of EJC are at 345 East 
47th St.. New York 17, N. Y. This is 
also the new address for the organiza- 
tions for which EJC is the secretariat. 
These include the Engineering Man- 
power Commision, IAESTE (Iinterna- 
tional Association for the Exchange of 
Students for Technical Experience), 
The United States Committee on Large 
Dams (USCOLD) and the World 
Power Conference. EJC’s newspaper, 
Engineer, may be addressed there also. 


Copying Device Scans .. . 
Reproduces on Tape 


A device which can be used to re- 
produce facsimile copies on tape of 
sentences and single words has been 
developed by the Institute for Scien- 
tific Information, 33 South Seventeen 
Street, Philadelphia 3, Pa. 

With the pilot model, called a Copy- 
writer, the operator moves the transmit- 
ting unit over the material tc be 
copied. The text is reproduced imme- 
diately on tape, which can be pasted 
to paper as telegrams are. 

The device was developed by the 
institute under a grant from the Coun- 
cil on Library Resources to eliminate 
the necessity of photographing entire 
pages to obtain, for example, a single 
chemical diagram or formula. 


TAPE 


Fast... Easy Pipe 
Protection 


SEND FOR 
FREE 
SAMPLE 


Joint 

wrapping of 

mill coated pipe 

is easy, fast and sure 

with Arno Pipe-Wrap Tape. 

Its inert polyethylene backing is 

moisture proof, non-conductive and 

resistant to soil acids and alkalis. Tough 

and stretchy. High-tack adhesive. Write 

for information and free test sample. 
ARNO ADHESIVE TAPES, INC. 


Dr. Scholl’s Adhesive Tape Division 
5110 Ohio Street, Michigan City, Indiana 


MANUFACTURERS AGENTS WANTED 
FOR SOME SELECTED AREAS 
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GAR-LINE 
PENTON 
TANK LININGS 


for High-Temperature 
Corrosion Proofing 


Tailored to your 

specific needs, GAR-LINE* 
Penton** Linings can be 
applied to a variety of 
complex shapes as shown in 
these photos, 


Can be applied to virtually any surface or contour 
to give superior, low cost protection against 
high-temperature corrosion. GAR-LINE 
Penton Tank Linings are replacing and out- 
performing more expensive materials in an 
ever-increasing number of applications. 
Serviceable at temperatures up to 280°F, these 
efficient linings embody outstanding tensile 
strength, excellent dimensional stability and 
low water absorption. Chemically, they resist 
bleaching agents, solvents, plating solutions 
... in fact, all inorganic acids except fuming 
nitric and fuming sulfuric. 

Applied by carefully selected and authorized 
applicators. The experience of these tank lin- 
ing experts guarantees satisfactory GAR- 
LINE Penton installation, prevents expensive 
failure due to improper application. Approved 


applicators include: 
ABRASION & CORROSION ENGRS. 
1205 N. McMasters Street 
Amarillo, Texas 

ATTBAR PLASTICS 

1107 Northeast 106th Street 
Vancouver, Washington 


BARTHEL CHEMICAL CONST. 
CO., INC 


P. 0. Box 1025, Tacoma 1, Wash. 
BITTNER INDUSTRIES, INC. 
91 Diaz St., P. 0. Box 10265 
Prichard, Alabama 
BUCKLEY IRON WORKS 
21 Christopher St., Dorchester, Mass 
BUFFALO LINING & 
FABRICATING CORP. 
73 Gillette Ave., Buffalo 14, N.Y. 
CEILCOTE COMPANY, INC. 
4832 Ridge Rd., Cleveland 9, Ohio 
CHEMICAL PROOF OF SEATTLE 
625 Alaska Ave., Seattle, Wash. 
ELCHEM ENGRG. & MFG. LTD. 
P. 0. Box 249 
Burlington, Ontario, Canada 
ELECTRO CHEMICAL ENGRG. 
& MFG. CO 


750 Broad St., Emmaus, Penn. 
THE FABRI-FORM COMPANY 

P. 0. Box 125, Byesville, Ohio 
FLORIDA CORROSION CONTROL 
P. 0. Box 10082, Jacksonville 7, Fla 
THE FORTUNE COMPANY 

1100 W. 37th St.—North 

Wichita 14, Kansas 

GALIGHER COMPANY 

545 West 8th-S., Salt Lake City, Utah 
GATES RUBBER COMPANY 
Denver, Colorado 

GOLDEN PLASTICS CORP. 

333 East 8th St., Oakland 6, Calif. 
GOODALL RUBBER COMPANY 
2050 N. Hawthorne Avenue 
Melrose Park, Illinois 


HANSZEN PLASTICS COMPANY 
835 S. Good-Latimer Exprw. 
Dallas, Texas 


HEIL PROCESS EQUIPMENT CORP, 
12901 Elmwood Ave., Cleveland 11,0, 


HUNTINGTON RUBBER MILLS 
of Port Coquitlam 

B.C., Canada 

INNER-TANK LINING CORP. 

4777 Eastern Ave., Cincinnati 26, 0, 

MAURICE A. KNIGHT 

Kelly Ave., Akron 9, Ohio 

MERCER RUBBER CORPORATION 

Highway 46, Cor. Huyler 

Little Ferry, New Jersey 

METALWELD, INC. 

Scotts Lane & Abbottsford Rd. 

Philadelphia 29, Pennsylvania 

PARKER BROTHERS, INC. 

7044 Bandini Blvd. 

Los Angeles 22, California 

PLASTIC APPLICATORS, INC. 

7020 Katy Road, P. 0. Box 7631 

Houston 7, Texas 

PROTECTIVE COATINGS 

1602 Birchwood Ave., Ft. Wayne, Ind. 

ROANOKE BELTING & RUBBER CO. 

P.O. Box 1593, 345 Center Ave., N.W. 

Roanoke 7, Virginia 

RUBBER ENGINEERING & MFG. CO. 

P.O. Box 2335, Salt Lake City 10, Utah 

RUBBER MILLERS, INC. 

707 S. Caton Ave., Baltimore, Md. 

ST. LOUIS METALLIZING CO. 

625 S. Sarah St., St. Louis 10, Mo, 

L. H. SHINGLE CO. 

1300 Walnut St., Camden 3, NJ. 

STEBBINS ENGRG. & MFG. CO, 

Watertown, New York 

WILLOW RUN RUBBER COMPANY 

12575 Haggerty St., Bellville, Mich. 


Investigate GAR-LINE Penton Tank Linings 
as the answer to your corrosion problems. For 
more information, contact the applicator 
nearest to you. Or, write for data on Penton; 
information also available on Teflonf linings 
for Anti-Stick or corrosive applications. 
Special Products Dept., Garlock Inc., P. O. 
Box 612, Camden 1, New Jersey. 


*Garlock Registered Trademark 
**Registered Trademark, Hercules Powder Company 





Cleaners 


“Forty Precision Finishing Operations 
Where You Can Cut Costs by Liqua- 
matte Wet Blasting” is the title of a 
new bulletin available from Lord Chem- 
ical and Equipment Division of Wheela- 
brator Corporation, 2068 South Queen 
Street, York, Pa. Rust removal blending 
directional lines, finishing dies, scale re- 
moval, deburring and degreasing are 
some of the operations described. 


New single unit ultrasonic generator 
with automatic load compensation ad- 
justs itself to variations in cleaning load, 
temperature of solution and tank 
volume, according to manufacturer, 
Branson Instruments, Inc., 40 Brown 
House Road, Stamford, Conn. Recom- 
mended for high speed cleaning of steel 
strip, multiple strand wire cleaning ma- 
chines, long conveyorized systems and 
heavy duty batch operations, unit pro- 
vides average power output of 3500 
watts and peak output on pulses of 
7000 watts. Simultaneous compensation 
for both frequency and impedance is 
said to keep acoustic energy in cleaning 
system at peak performance level. 
4 


A polishing and grinding machine de- 
signed to prepare fine metallographic 


e 


specimens is described in a data sheet 
available from Geoscience Instruments 
Corporation, 142 Maiden Lane, New 
York 3, N. Y. Specifications include 
8-inch lap or polishing wheel, variable 
speed control in range of 80 to 1200 
rpm, % hp d-c motor with rectifiers to 
convert power to alternating current, 
dimensions of 16 by 19% by 17 inches 
and net weight of 110 pounds. 


A new high pressure wagon mounted 
sprayer removes grease and grime from 
heavy equipment and buildings with un- 
heated water and detergents. Also it can 
be used to spray insecticides and liquid 
and dry fertilizers. Designed to spray 
10 gallons per minute at gauge pressure 
of 500 psi or 6 gallons at 200 psi, it is 
marketed as Hayes Jet 500 Power 
Sprayer by Hayes Spray Gun Company, 
98 North San Gabriel, Pasadena, Cal. 
The sprayer, which has no water tank, 
draws water from faucets, tanks or 
other external water sources. Chemicals 
do not pass through the water pump. 
As clear water is discharger from the 
pump, a vacuum created in external mix- 
ing chamber siphons chemicals from 
concentrate tank mounted on the chas- 
sis. Water and chemicals are automati- 
cally proportioned, mixed and carried to 
nozzle. Concentrate tank has polyethyl- 
ene liner. 


FW PRODUCTS 


Materials 
Literature 


Coatings, Organic 


For steel and concrete floors, an 
epoxy finish formulated to improve trac- 
tion and resist alkalies, caustic solutions, 
acids, solvents and other chemicals is 
marketed as Heavy Duty Grip-Deck by 
Fibreboard Paper Products Corporation, 
475 Brannan Street, San Francisco 19, 
Cal. 

a 
For metal, wood and masonry, an ac- 
tivated epoxy coating resistant to fats, 
oil, syrups, soaps and most acids and 
alkalies is marketed as Tile-Cote by The 
Wilbur & Williams Co., 650 Pleasant 
Street, Norwood, Mass. 

° 


For protection of floors, structures 
and equipment subjected to abrasion or 
to fumes, splashes and spills of alkalies, 
dilute acids and industrial solvents, a 
polyurethane enamel is marketed as 
Imron by E. I. du Pont de Nemours 
& Company, Wilmington, Del. 
a 

Low viscosity in solutions of high 
solids contends is the key property of 
two new high purity vinyl solution res- 
ins intended for preparation of product 
finishes and industral maintenance 
coatings, according to Union Carbide 


Continued on Page 50) 


IT ROLLS ON AT 
TH 
Wi 4 THE COST OF QUARRY TILE 


The largest national beverage company in its field, after study and tests, recently adopted Steelcote 
EPO-FLOOR TOPPING to protect concrete floors from corrosion of food acids and alkalis in its newest plant. 


Here are the reasons: 


Easy application, monolithic groutless cleanliness, resistance to acids, alkalis, moisture, 
strength many times that of concrete, and non-slip surface that fights abrasion. 


For maximum protection at minimum cost specify Steelcote Epo-Floor Topping on your next job. For 
complete informetion write, wire or phone. 


STEELCOTE MFG. CO. e 


3418 Gratiot, St. Louis 3, Mo. ¢ 
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Rodney, Ontario, Canada 
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COROLINE 505 LININGS ... 
F | reinforced with Type ‘‘F” glass 


cloth are used for handling hot 


CORROSION 7 PROOF detergents. Other applications in- 
clude: Chemical Storage tanks, 

processing tanks, pickling and 

COROLINE 505 plating tanks, pits and founda- 
tions. Tough, durable and long- 


lasting, COROLINE 505 provides 
TA A K LI fe i a] G S proven resistance to most acids, 

alkalis and solvents . . . and, fea- 
tures good temperature resistance without permitting age hardening. 
EASY APPLICATION IN SHOP OR FIELD: Applied in a “‘build- 
up” process, COROLINE 505 works easily with either trowel or 
brush. For steel or concrete surfaces, COROLINE 505 is generally 
reinforced with glass cloth. Application thicknesses vary from %2’’ 
to %6’’ depending on required operating conditions. 







































































Send today for the 
CEILCOTE COROLINE BULLETIN 
... it contains all the facts. 




















CEILCOTE COMBINES MINDS, 
METHODS AND MATERIALS... 
. . . for the design and 
construction of CORROSION- 
PROOF equipment and instal- 
lations for all industries. 






















THE CEILCOTE COMPANY, INC. °¢ 
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NEW PRODUCTS 


(Continued From Page 49) 


Plastics Company, Dvision of Union 
Carbide Corporation, 30 East 42 Street, 
New York 17, N. Y. The resins, Bake- 
lite VYHD and VXCC, are medium 
molecular weight, vinyl chloride-vinyl 
acetate copolymers. VYHD is unmodi- 
fied. VXCC is structurally modified to 
impart metal adhesion properties. 


Fittings 


Push-pull connect-disconnect couplings 
that sustain operating pressures to 3000 
psi are claimed by E. B. Wiggins Oil 
Tool Company, Inc., 3424 East Olympic 
Boulevard, Los Angeles 23, Cal. De- 
signed for electronic cooling and hy- 
draulic systems and available in eight 
models, the Inst-O-Matic coupling is 
said to withstand vibrations of 20 G at 
2000 cps. Either stainless steel or alu- 
minum models in sizes %4 to 2 in ID 
are available. 

9 


Flexible couplings designed for service 
in water, oil, mild chemicals and other 
corrosives are manufactured by Lovejoy 
Flexible Coupling Company, 4949 West 
Lake Street, Chicago 44, Ill. Bodies are 
semi-steel castings with hot dipped gal- 
vanized outside collars and inside 
sleeves. Set screws, lock washers and 
retaining bolts are stainless steel. Bake- 
lite cushions are boiled for five days 
to prevent swelling, shrinking or distor- 
tion after installation. 


Gaskets 





Gaskets made of Teflon molded 
around perforated steel disks will not 
cold flow or blow out, are easy to install 
and re-usable, according to the manufac- 
turer, The Duriron Company, Inc., 422 
North Findlay, Dayton 1, Ohio. They 
are marketed as Task-Line Gaskets in 
sizes 1, 1%, 2, 3, 4, 6 and 8 inches. 
® 


A gasket which operates at tempera- 
tures from 1250 to 1900 F is reported 
by Garlock Inc., Main Street, Palmyra, 
N. Y. The new spiral wound Guardian 
gasket uses a ceramic paper filler which 
is non-flammable, inorganic and an out- 
standing chemical insulator, Garlock 
says. A new product brochure detailing 
various Garlock gasket materials, re- 
sistance ratings and design suggestions 
is available from the company. 
e 


High pressure seals and fasteners man- 
ufactured by A. P. M. Corporation, 41 
Honeck Street, Englewood, N. Y., are 
described in a catalog available from 
the company. Contents include dimen- 
sional drawings, parts numbers, com- 
plete specifications and ordering instruc- 
tions. 








Instruments 


A 3-lb battery operated direct current 
potentiometer for use as an infinite im- 
pedance calibrator and measuring in- 
strument is marketed as Model PC 
Pocketpot by Sensitive Research Instru- 
ment Corporation, 310 Milam Street, 
New Rochelle, N. Y. Accuracy is 0.05 
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percent. Measuring range is 0-5.100 volts 
with continuous resolution over a 100 
division slide wire (1 millivolt per divi- 
sion). Current ranges from 0-1 ampere 
and additional voltage ranges to 500 
volts can be obtained by using the in- 
strument with manufacturer’s plug-in 
switch controlled current-volt-box called 
Model PC-S. Accuracy of the two units 
used together is 0.1 percent of reading 
over the upper four-fifths of the ranges. 
° 
Non-destructive gauging of non-con- 
luctive coatings on aluminum and its 
alloys is possible with the Type EC 
Permascope developed and marketed 
by Twin City Testing Corporation, 533 
South Niagara Street, Tonawanda, N. Y. 
The device also measures thickness of 
a non-ferrous metal on a non-ferrous 
base, thickness of a non-ferrous coating 
mm a non-conductor and conductivity of 
1 non-ferrous metal. The 110-volt a-c 
gauge is 9 x 6% x 6% inches. 
8 

An electrobalance which weighs ana- 
lytical and production samples to 1.5 
grams with precision of 0.1 microgram 
is described in a bulletin available from 
manufacturer, Cahn Instrument Com- 
pany, 14511 Paramount Blvd., Para- 
mount, Cal. 


Insulation 





A lightweight thermal insulation made 
of high pressure laminate of nylon fab- 
ric and phenolic resin is described in 
a bulletin available from the manufac- 
turer, Taylor Fibre Company, Norris- 
town, Pa. Applications include rockets 
subjected to temperatures exceeding 
4000 F for short periods. The material, 
called Tayloron PN, is available in 


KAPCO 
ROCK SHIELD 


* 




















RECORD AND REPORT 





laminated sheet, molded rod and tube, 
rolled tube, molded shape in built-up 
formations and molding forms in sheets, 
rolls and cut- squares. 
2 

Accordion-type protective sleeves of 
silicone coated fiberglass material resist 
ambient temperatures to 450 F and flex 
normally without cracking at tempera- 
tures to —80 F, according to the manu- 
facturer, A&A Mfg. Company, Inc., 712 
South 12th Street, Milwaukee 4, Wis. 
Also, on 70-hour test at 350 F in ASTM 
No. 1 oil, there was neither noticeable 
decomposition nor surface tacking, A&A 
says; volume change did not exceed 11 
percent. A suggested application is ducts 
for heat and hot gas transfer between 
intake and exhaust of industrial fur- 
naces. 


Lubricants 





A spray-on lubricant and anti-stick 
agent which resists solvents and chemi- 
cals and withstands temperatures rang- 
ing from cryogenic to 500 F while im- 
parting a coefficient of friction as low 
as .07 is marketed as Fluoro-Glide by 
Chemplast, Inc., 3 Central Avenue, East 
Newark, N. J. The lubricant consists 
of micron-size particles of fluorocarbon 
polymer and an adhesion promoter 
which combine to form a tenacious low 
friction dry film, Chemplast says. 
e 


For lubricating ultra precise miniature 
instrument bearings, a new grease so 
clean that no foreign matter can be 
detected under 500 power magnification 
is reported by its developer, Miniature 
Precision Bearings, Inc., Keene, N. H. 
Marketed as Minapure, the grease has 
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been subjected to intensive testing in 
corrosive atmospheres and under ex- 
tremely high rpm and load conditions, 
the company says. 


Metals, Ferrous 





Wrought iron steps for sewage plants 
and manholes are discussed in 8-page 
bulletin from A. M. Byers Company, 
Clark Building, Pittsburgh 22, Pa. Bul- 
letin explains what 4-D wrought iron is, 
points out advantages of galvanizing 
steps and illustrates typical designs of 
manhole ladder steps and several 
installations. 

# 
Satin finished wall plates of Type 302 
stainless steel containing 18 percent 
chrome and 8 nickel are resistive to salt 
spray, most organic chemicals, food acids 
and sterilizing solutions, manufacturer 
says, and are recommended for hospitals, 
laboratories, piers, gas and chemical plants, 
refineries, bathrooms and kitchens. Cata- 
log sheets and price lists are available 
from Bell Electric Company, 5735 S. 
Claremont Avenue, Chicago 36, IIl. 

® 
Ductile iron gratings for floors and out- 
side installation are marketed by Cromp- 
ton and Knowles Corporation, Wor- 
cester, Mass. Fifty percent lighter in 
weight than iron and steel gratings, 
they have greater impact resistance and 
strength than gray iron gratings, C&K 
says, and also, being lighter, are easier 
to install or relocate. Various designs 
to fit customers’ needs are produced. 

° 
Two new chromium stainless steel alloys 
having high corrosion resistance and 


(Continued on Page 52) 










Lowering-in and backfilling of pipe in rocky terrain can 


often result in costly damage to the coating 


but not 


when it is protected with Kapco Rock Shield. ™@ Kapco is a 


strong, mastic composition board which is designed especially 


to resist rock impacts. Kapco saves application time, too . . . 


the boards are simply strapped into place with pressure sen- 


sitive filament tape or steel strapping and a section of pipe 


can be covered in only a few minutes. Kapco is available in 


a number of thicknesses to meet varying terrain conditions. 


@ A Midwestern Man would be glad to show you how Kapco 


Rock Shield can provide positive protection for your pipelines. 


4645 Southwest Blvd. 





Contact the nearest Midwestern office today. 


MIDWESTERN 


PIPE LINE PRODUCTS CO. 


Tulsa, Okla. 
Cable Address: Mid Pipe 








branch offices 
¢ Durham, N. C. 

¢ Houston, Tex. 

* Chicago, Ill. 

St. Petersburg, Fla. 

+ Pittsburgh, Pa. 
Oklahoma City, Okla. 

¢ Des Moines, la. 

« New York, N.Y. (export) 
¢ Caracas, Venezuela 


HI 6-6144 
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outstanding fabricating and finishing 
qualities are reported by their developer, 
Universal-Cyclops Steel Corporation, 
sridgeville, Pa. Automobile manufac- 
turers are using both alloys for 1962 
auto parts such as moldings and hub 
caps, U-C says. The two grades, both 
with molybdenum additions, are Uniloy 
430Mo and Uniloy 435Mo, the 435 
grade containing an element to control 
roping. They are available in production 
quantities in a full range of strip and 
wire sizes. 


Metals, Non-Ferrous 


Identification numbers have been 
given to more than 100 commercially 
important wrought coppers and copper 
alloys. For example, Oxygen Free Cer- 
tified Copper is now Copper 101; Cad- 
mium Copper is now Copper Alloy 162. 
Copies of the industry adopted classi- 
fication are available from Copper & 
Brass Research Association, 420 Lexing- 
ton Avenue, New York 17, N. Y., whose 
Standards Committee drew up the num- 
bering system. 
a 


Bibliography containing 107 abstracts on 
nickel carbonyl for production of nickel 
and nickel alloys, for deposition of 
nickel coatings, as gasoline additives, 
etc., for period 1891-1955 is available 
from International Nickel Company’s 


MeSoto 


-— sem 2 


Kinishes 


for every maintenance requirement 


The systems listed are good reasons to call 
DeSoto. They are examples of the many 
customized finishes available for every 
maintenance requirement. More good reasons: 
You get free consultation with experienced 
DeSoto survey engineers.* They'll analyze 


Industrial Chemicals Section, 67 Wall 
Street, New York 5, N. Y. 


New identification numbers have been 

assigned to alloys of Huntington Alloy 

Products Division, The International 

Nickel Company, Inc., Huntington 17, 

W. Va. Copies of the new numbering 

system are available from the company. 
e 


Production, Properties and Uses of 
Lead Cable Sheathing is the title of a 
new booklet available from the Lead 
Development Association, 34 Berkeley 
Square, London, W. 1, England. 


Packing 


Leather packings for hydraulic and 
pneumatic service are described in a 
brochure available from Garlock, Inc., 
Palmyra, N. Y. Available in various 
forms including U, cup, Vee, flange 
packings, gaskets and washers and im- 
pregnated according to medium to be 
encountered in service, the leather pack- 
ings have tensile strength of 3000 to 
3500 psi, pressure range of vacuum to 
100,000 psi, pH range of 3 to 8.5 and 
temperature range of —320 to 200 F. 
Leather has a low coefficient of friction, 
is non-scoring and non-abrasive and has 
long shelf life, Garlock says. 


Packing clinics are being sponsored 
by Garlock, Inc., Palmyra, N. Y., for 
engineering, purchasing and mainte- 
nance personnel. Garlock has provided 
each of its 15 district sales offices with 
a series of 43 colored slides illustrating 
correct packing procedures, case _his- 
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tories and recent packing designs. Clin- 
ics can be arranged by contacting either 
Garlock home offices or its sales offices. 


For centrifugal and rotary shafts, 
valve stems, expansion joints and re- 
ciprocating rods, plungers and rams op- 
erating at temperatures -—-90 to 500 F, 
Garlock, Inc., Palmyra, N. Y., has de- 
veloped two new Teflon impregnated 
braided packings. Garlock 5881 is for 
use in strong caustics, acids, alcohol, 
lime solutions, waxes, chlorine and film 
coating solvents; it is Teflon-impreg- 
nated blue asbestos. Garlock 5875 is 
Teflon-impregnated white asbestos for 
general chemical service including pot- 
able liquids, paper pulp, gasoline and 
cold and hot oils and water. 


Flow resistance, self lubrication, chem- 
ical inertness and a wide operating tem- 
perature range are properties claimed 
by E. I. du Pont de Nemours, Inc., 
Wilmington, Del., for its new Teflon 
TFE-fluorocarbon fiber developed for 
braided packing for pumps and valves. 
Removal of all carbonaceous material 
from fiber by bleaching and pre-shrink- 
ing (580 F for 32 hours) before braid- 
ing eliminates oxidation of carbon which 
causes packing to burn. 


Pipe 


Glass reinforced plastic pipe and fittings 
for corrosion, temperature and pressure 
problems and tubing for structural uses 
such as communications towers are de- 
scribed in product folders available from 
Fibercast Company, Box 727, Sand 


(Continued on Page 54) 


KOROPON EPOXY COATINGS 
HICOR VINYL PLASTIC COATINGS 


...give high corrosion and chemical 


resistance. 


SYNTHEX ENAMEL SYSTEMS 


your painting problem—then recommend 
the best coating at the lowest possible cost. 
This start-to-finish solving of industrial 
maintenance problems makes DeSoto your 
best long-range and short-term buy. Service 
from DeSoto is like that. Write for details. 


*PLANTS: Greensboro, N.C. 


Philadelphia, Pa. * Chicago Heights, Ill.» Chicago, Ill. 


Dallas, Tex. * Berkeley, Calif. 


... protect areas where mild 
corrosives are prevalent. 


HEAT RESISTANT COATINGS 


... withstand temperatures from 
300° to 1200° F. 


(ay) - / De Soto Cremicai Coatings, inc. 


1350 South Kostner Avenue, Chicago 23, Illinois 
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RODINE 273 is an organic, liquid 
cationic corrosion inhibitor especially 
designed to inhibit the attack of hydrochloric 
acid on copper, brass, iron and steel during 
industrial cleaning operations. 
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RODINE provides maximum protection 
to equipment during removal of metal oxides 
or water scale from piping systems and 
evaporating equipment, as well as scale 

and deposits from equipment in refineries, 
utilities, paper mills, chemical plants, 

other industries. 













RODINE formulations are available 


to provide safer industrial cleaning in 
rie SUffo,. applications using virtually every form of 
gut fa common acids for this purpose—sulfuric, 









citric sulfamic, citric, oxalic, sodium acid sulfate, 
OXalic Phosphoric hydrofluoric, phosphoric, hydrochloric 
chore and others. 
ye fluoric 
hydro For detailed information on industrial 






cleaning RODINES, write for free ‘‘duta 
package,’ Bulletin No. 1699. 


ODINE 


Amchem and Rodine are registered trademarks of 
AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA. * St. Joseph, Mo: ¢ Detroit, Mich. * Niles, Calif. * Windsor, Ont. 
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Springs, Okla. Information includes 
physical properties, industry applica- 
tions, chemical resistance data and speci- 
fications for chemical and oil field pipe 
and down-hole well tubing. 

© 


High silicon iron drain pipe and fittings 
composing the Corrosion line marketed 
by Pacific Foundry and Metallurgy 
Company, 3100 Nineteenth Street, San 
Francisco, Cal., are described in 20-page 
catalog available from the company. 
Catalog itemizes dimensions and prices 
of over 300 items in 58 illustrated con- 
figurations. 
6 

friction handbook con- 
friction loss eee 


A revised pipe 
taining formulas, 
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cathodic protection service 


Twenty-five cathodic protec- 
tion engineers with a combined 
total of over 200 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 


Houston 6, P. O. Box 66387 


Branch Offices: @ Corpus Christi @ New 
Orleans @ Odessa @ Tulsa @ Pittsburgh 
@ Los Angeles 
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friction factor charts, roughness factor 
charts, viscosity tables and related in- 
formation ,has been published by the 
Hydraulic Institute, 122 East 42nd 
Street, New York 17, N. Y. 

The new handbook, titled Pipe Fric- 
tion Manual, is an extension and re- 
arrangement of the institute’s previous 
edition, “Tentative Standards of the 
Hydraulic Institute—Pipe Friction.” 

The 90-page manual is available from 
the institute for $2 for domestic orders; 
foreign price is $2.40. 


Plastic 


A heat reactive hydrocarbon resin 
recommended for use in fast drying var- 
nishes, enamels, concrete curing com- 
pounds, printing inks and adhesives is 
marketed as Piccodiene 2215 by Penn- 
sylvania Industrial Chemical Corpora- 
tion, Clairton, Pa. Manufacturer says 
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the resin is a highly aromatic polymer 
with unsaturated double bonds. The 
resin also is available in a rubber grade 
formulated to improve processing, heat 
resistance, tensile strength and resist- 
ance to abrasion. 

» 
Glass strand and resins are sprayed 
simultaneously on molds to fabricate 
fiberglass products with the Rand Fiber- 
Resin Depositor developed by Rand De- 
velopment Corporation, 13600 Deise 
Avenue, Cleveland 10, Ohio. Glass- 
resin mass applied by this spray-up 
process is then rolled out by hand to 
remove air and to pack the mix to uni- 
form thickness. The technique and mold 
designs are discussed in data sheets 
available from Rand. 
a 


Chemical resistance of polyester and 


epoxy resins in various eorrosive aque- 
ous solutions at elevated temperatures is 
discussed in bulletin available from 
Industries, 


Atlas Chemical Inc., Wil- 
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mington 99, Del. Curves showing 
strength retention of the various resins 
after immersion in a number of cor- 
rosive solutions for periods to one year 
are included in the 16-page_ bulletin 
titled A Continuation of the Compara- 
tive Study of Corrosion Resistance of 
a Bisphenol A Polyester and Various 
Other Polyester and Epoxy Resins. 
° 

Properties and industrial applications 
of 13 major families are discussed in a 
6-page booklet titled Getting Acquainted 
With Plastics available from Cadillac 
Plastic & Chemical Company, 15111 
Second Avenue, Detroit 3, Mich. Plas- 
tics discussed include acrylic, Implex, 
nylon, Teflon, polyethylene, flexible and 
rigid vinyl, cellulose acetate, butyrate, 
polystyrene, high and medium impact 
styrene, phenolic and fibrous glass re- 
inforced polyesters and epoxies. 





Pumps 





Air powered liquid dispensing equip- 
ment manufactured by Lincoln Engi- 
neering Company, 4010 Goodfellow 
Boulevard, St. Louis 20, Mo., is de- 
scribed in a 32-page catalog available 
from the company. Equipment includes 
pumping systems to dispense paint, cold 
roofing materials, food, caulking com- 
pounds and sealers, mastic adhesives 
and glues, vinyl material for plastic 
molding, inks, underbody coatings and 
similar fluid and semi-fluid materials. 
Catalog gives specifications on pumps, 
accessory units, measuring valves and 
also airless hydraulic units. 
% 


A feed pump that automatically adds 
desired amount of corrosion control 
chemicals to boilers and other water 
systems is marketed by Clayton Mfg. 
Co., Box 550, El Monte, Cal. The pump, 
featuring a straight through pumping 
member, has no pockets to trap air and 
cause non-uniform metering, Clayton 
says. Rated capacities of two models 
available are 1 gph at 0 to 15 psi and 
0.8 gph at 15 to 100 psi. 
° 


Hermetically sealed centrifugal pumps 
for use with toxic, inflammable or highly 
volatile liquids are marketed by Buf- 
falo Forge Company, 490 Broadway, 
Buffalo, N. Y. Pumps are designed 
for 120 psi and temperatures 40 to 250 
F, For higher pressures and tempera- 
tures, special models are available. Thir- 
teen standard models with discharge 
sizes of 1 to 5 inches are availz ble. 





Safety 





Safe handling and use of methyl ethyl 
ketone are covered in a safety data 
sheet, SD-83, available from the Manu- 
facturing Chemists’ Association, Inc., 
1825 Connecticut Avenue, N. W., Wash- 
ington 9, D. C. Price is 30 cents. 

Information includes properties, haz- 
ards, engineering control of hazards, 
employee safety, fire fighting, handling 
and storage, tank and equipment clean- 
ing and repairs, waste disposal, medical 
management and first aid. 

Methyl ethyl ketone is a flamable 
liquid with a low flash point, the vapors 
of which form explosive mixtures with 
air. Although industrial use does not 
present a serious health hazard, un- 
desirable effects may occur from inhala- 
tion of excessive concentrations of 
vapor, prolonged or repeated skin con- 
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tact with the liquid and from contact 
of the-liquid with eyes, the pamphlet 
reports. 
: * 

Safety practices for entering tanks to 
avoid such hazards as toxic vapors, 
flammable gases, lack of oxygen, elec- 
tric shock and dangerous chemicals are 
discussed in an eight-page pamphlet 
costing 30 cents from the Manufacturing 
Chemists’ Association, Inc., 1825 Con- 
necticut Avenue, N. W., Washington 
S De.G: 





Tubing 





Chemical resistant Teflon lined rubber 
tubing for carrying food, chemicals, 
petroleum products, paints, pharmaceu- 
ticals and slurries and for electrical and 
electronic cabling is described in a 
bulletin available from Pennsylvania 
Fluorocarbon Company, Inc., 1115 
North 38th Street, Philadelphia 4, Pa. 
Liner is manufactured in sizes % to 
l-inch ID covered with Neoprene or 
other elastomers in lengths to cus- 
tomers’ specifications. 
2 

Two new plastic conduits designed for 
protection against corrosion and water 
leakage are manufactured by Consoli- 
dated Pipe Company of America, 1066 
Home Avenue, Akron, Ohio. For gen- 
eral underground wiring, E/C conduit 
is available in 2 to 6-inch sizes. For 
general corrosion protection, PVC con- 
duit is available in % to 6-inch sizes. 


Valves 


Teflon sleeved plug valves in 8, 10 and 
12-inch sizes are manufactured by Con- 
tinental Manufacturing Company, 230 
Park Avenue, New York 17, N. Y. Gear 
operated and with flanged ends, they 
are rated at 150 and 300 pounds for 
service at —50 to 400 F handling light 
gases to heavy slurries and corrosives. 
They are available in two-way or three- 
way bottom entry types with bodies and 
plugs of Alloy 20, 316 stainless steel 
and carbon steel with stainless steel 
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plugs. Ductile iron plugs are available 
in two-way bottom entry types. 
6 


Orifice opening is always indicated on 
the new Indicator Valve marketed by 
Flow Systems, Inc., 413 Poinsettia 
Street, Corona Del Mar, Cal. Also, 
valve operating threads are outside the 
valve. O-ring packing eliminates almost 
all interior dead space, the company 
says. Valve is available in either manual 
or air actuated style in sizes % to 4 
inches with various standard tips and 
seats. Stainless steel, carbon steel with 
stainless steel trim and bronze are 
standard. 

4 

Phenolic molding compound for mak- 

ing valves to go in filter presses and 
for similar applications where resistance 
to heat and chemicals is required is 
manufactured by Durez Plastics Divi- 
sion, Hooker Chemical Corporation, 
North Tonawanda, N. Y. Phenolic sam- 
pling valves used in chemical filter 
press withstood temperatures to 195 F 
and a year of continuous contact with 
corrosive media, according to manufac- 
turer. 

* 
A one-inch graphite globe valve is 
marketed by National Carbon Company, 
270 Park Avenue, New York 17, N. Y. 
In the valve, called Type G, corrosive 
fluids contact only graphite and Teflon 
plastic, eliminating possibility of metallic 
contamination. Cast iron casing protects 
valve from mechanical damage and 
piping strains. Recommended maximum 
operating conditions are 100 psig and 
338 F. Valves operate in horizontal, 
vertical or 45-degree positions. 

° 


Steel gate valves internally coated 
with a phenolic-epoxy formulation are 
manufactured by Edward Valves, Inc., 
East Chicago, Ind., which specifies 
valves for chemical, cement and similar 
process piping where abrasive-corrosive 
liquids and slurries are handled. Valves 
are available with either screwed or 
flanged ends in 2, 3 and 4-inch sizes. 
Gate, which fits into Buna-N seat insert 
molded to heavy steel rings, is heat 
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Corrosion! 
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MARKAL “D-A” COATINGS — provide metals 


e a permanent “shield” against corrosive weather condi- 


PREVENTS CORROSION 
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tions, salt sprays, sulfur fumes from burning coal, water 
steam, hot acids, mild alkalis or other corrosive condi- 
tions at ambient temperatures up to 600°. 

You can use “D-A” in a wide range of industrial ap- 


plications from food and dairy plants to foundries, 


Write on company letterhead 
for complete information, lit- 
erature and recommendations. 

sprayed. 


MARKAL 


3051 West Carroll Ave. 


THE MARK OF 


COMPANY 


sewage plants and ore sintering plants, where it adheres 
to all metals (even galvanized without acid treatment). 
Markal “D-A” is easy to use, can be brushed or 
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Chicago 12, Illinois 


See us at the AWS Welding Show—Booth 625. 
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TLC RESEARCH WORKS FOR YOU 


THE PROOF OF QUALITY 


New development advances in processing plastic linings for 
oil field tubular goods are coming from progressive TLC 
research. New lining techniques, new methods of quality 
control, new testing devices, new product formulae — all 
new ideas get a thorough check. Some won’t work; but those 
that do, work better for you because of checks and counter- 
checks in practical application and subsequent testing. 

In tests of new and established lining compounds, a 
pilot test oven is used to determine the exact temperatures 
for proper processing for field use. This is just one example 
of the many methods TLC uses to give research more than 


lip service, to make it work for you. 
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MEN in the NEWS 


Thomas A. Durkee has been appointed 
sales manager of Wilbur & Williams Co., 
Inc., 650 Pleasant St., Norwood, Mass. 
Carl C. Naylor has been named district 
sales manager for W&W’s new central 
sales territory of Illinois, Wisconsin, 
Minnesota, North and South Dakota, 
Iowa, Missouri, Nebraska, Montana, 
Utah, Colorado and Wyoming. 


° 
NACE Member Charles C. Nathan, re- 
search associate at Texaco’s Bellaire, 
Texas, Laboratories, is co-patentee of 
a recently issued patent covering im- 
provements in wax removal. 

° 
Recent appointments at Shell Develop- 
ment Company’s Research Center, 
Emeryville, Cal. include J. C. Ornea, 
supervisor of operations research; John 
K. Uilkema, patent, attorney, and Miss 
Nancy J. Gracey, patent searcher, in 
the patent division; Robert W. Rosser, 
chemist, in the organic chemistry and 
applications department, and Miss 
Norma M. Otis, chemical abstractor, in 
the technical information department. 
‘ @ 
NACE Member Darrel D. Byerley, field 
sales manager of Tinker & Rasor, San 
Gabriel, Cal., has been appointed gen- 
eral sales manager of the company’s 
newly acquired Detectron Division. 

2 
Charles C. Gates, Jr., has been named 
to succeed his late father as president 
of Gates Rubber Company, Denver, 
Colo. 


2 
R. W. Ostermayer, Jr., has been named 
executive vice president of Pennsylva- 
nia Industrial Chemical Corporation, 
Clairton, Pa. Albert M. Berseth has been 
appointed head of process, development 
and maintenance. 

Ey 
Marketing forces have been reorgan- 
ized at National Carbon Company, Di- 
vision of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. 
Marketing managers reporting to Di- 
rector of Marketing W. C. McCosh are 
W. W. Palmquist, chemical and metal- 
lurgical products, J. W. Cosby, arc car- 
bon products, J. E. LeMay, carbon prod- 
ucts, and M. M. Rand, electrode and 
carbon refractory products. Reporting 
to Vice President-Marketing C. J. Chap- 
man are W. G. Pitt, manager of new 
product market development, and P. J. 
Hastings, manager of nuclear and aero- 
space products. 

3 
Clarence E. Larson has been appointed 
a vice president of Union Carbide Nu- 
clear Company and general manager of 
operations at Oak Ridge, Tennessee. 

e 
J. O. Sandridge has been named man- 
ager of Continental Manufacturing 
Company’s regional sales office, 3400 
Montrose Boulevard, Houston, Texas, 
serving the Louisiana, Texas, New Mex- 
ico and Arizona area. 


2 
John L. Campbell has been appointed 
sales manager of Stainless Foundry & 


Engineering, Inc., 5132 North 35th 


Street, Milwaukee, Wis. 
3 


NACE Member J. Russell Wall has 
been named assistant general manager 
of The Tapecoat Company, Evans- 
ton, Ill. 
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W. J. McDade has been appointed a 
field sales representative with headquar- 
ters in Chicago for pipeline coating by 
Polyken Sales Division, The Kendall 
Company, 309 West Jackson Boulevard, 
Chicago 6, Ill. His territory includes 
Illinois, Indiana, Ohio, Michigan, Wis- 
consin and Northern Kentucky. 


° 
James A. McElroy has been appointed 
general sales manager of Akron Metal- 
lic Gasket Company, Akron, Ohio. 

8 


Recent appointments at Pennsalt Chem- 
icals Corporation, 3 Penn Center, Phila- 
delphia 2, Pa., include the following: 
In the Rubber Chemicals Department, 
Bryant C. Ross, field sales manager, 
Paul J. Schwert, product sales manager, 
and Daniel W. Yochum, manager, Rub- 
ber Technical Service Laboratory. How- 
ard M. Brittain has been assigned as 
technical service representative at Penn- 
salt’s Atlanta Regional Office, College 
Park Road, Hapeville, Ga. 
® 


NACE Member William H. Aretz has 
been named to head pipe wrapping ac- 
tivities of Ralph V. Rulon, Inc., Phila- 
delphia 40, Pa. 


® 
Loy C. Collingwood has been appointed 
manager of Alloy Metal Wire Works, 
one of three plants of Riverside-Alloy 
Metal Division, H. K. Porter Company, 
Inc., Riverside, N. J. 

e 


G. Robert Couch has been appointed 
technical advisor to the vice president— 
Eastern operations of Climax Molybde- 
num Company, Division of American 
Metal Climax, Inc., 1270 Avenue of the 
Americas, New York 20, N. Y. 

® 
In the chemical division of Pittsburgh 
Plate Glass Company, One Gateway 
Center, Pittsburgh 22, Pa. Paul A. 
Fodor, Jr., has been appointed director 
of sales and O. W. Andrews director, 
marketing services. In the paint and 
brush division research and development 
center at Springdale, Pa., Henry A. 
Vogel has been appointed manager, con- 
sumer products development, Pierson 
G. Boermans manager, trade sales tech- 
nical service, and Robert P. Ericson, 
manager, industrial coatings develop- 
ment. 

9 
NACE Member E. Dale Barcus, toll 
service transmission engineer for Pa- 
cific Telephone and Telegraph Com- 
pany, Los Angeles, Cal., has been named 
a fellow of the American Institute of 
Electrical Engineers. 

® 
George A. Reilly has joined Reilly Tar 
& Chemical Corporation, Indianapolis, 
Ind., as vice president and general coun- 
sel. In addition he has been appointed 
general manager of Republic Creosoting 
Company, a division of Reilly Tar. 


a 
Charles M. Herzfeld and William A. 
Wildhack have been appointed associ- 
ate directors of the National Bureau of 
Standards, U. S. Department of Com- 
merce, Washington, D. C. 


NACE Member John L. Eberly, presi- 
dent of Eberly Dynamics Inc., has an- 
nounced the purchase of Protective Plas- 
tic Company, 5116 Richmond Road, 
3edford, Ohio. 


9 
Earl Henry Lenz of Buffalo Forge Com- 
pany, Buffalo, N. Y., and Ralph David 
Barer, consulting engineer, Victoria, 
B. C., Canada, have been awarded $1000 
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prizes by American Hot Dip Galva- 
nizers Association for achievements in 
research, development and utilization of 
hot dip galvanized products. 
% 

Dow Chemical Company, Midland, 
Mich., has announced the appointment 
of Earle B. Barnes of Freeport, Texas, 
as an assistant secretary, succeeding 
Luther Evans. Barnes is general man- 
ager of Dow’s Texas Division. Evans, 
formerly assistant general manager of 
the Texas Division, has been named 
manager of the Rocky Flats, Colo., 
plant which Dow operates for the U. S. 
Atomic Energy Commission. 


e 
Chester G. Borlet has been appointed 
plating products specialist for the Plat- 
ing Division of Metal & Thermit Cor- 
poration. His offices are at 1700 East 
Nine Mile Road, Detroit 20, Mich. 
% 


Jack Gray is president and general man- 
ager of the newly organized protective 
coating concern of Omega Engineering, 
Inc., Odessa, Texas. 


NEW PRODUCTS 
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treated chromium-molybdenum steel 
plated with chrome. Maximum tempera- 
ture for Buna-N insert is 250 F. 


Welding 


Arc welding equipment featuring small 
diameter electrode wire and employ- 
ing carbon dioxide or gas mixtures 
is marketed by National Cylinder Gas 
Division, Chemetron Corporation, 840 
North Michigan Avenue, Chicago 11, 
Ill. The semi-automatic MiniArc equip- 
ment welds light gage metals in any 
position, Chemetron says. Equipment 
consists of an AM-8 torch, WC-5 con- 
trol with wire drive, interconnecting gas 
and flexible conduit assemblies. Wire 
feed rate is 55 to 500 inches per minute. 
Wire sizes are .025, .030 and .035 inches. 
Size is 12% x 16 x 20 inches. 

3 
An electric welding kit to repair ther- 
moplastic products is marketed by Kam- 
weld Products Company, 932 R Wash- 
ington Street, Norwood, Mass., which 
says the kit also is useful for training 
welders. Equipment is suitable for tack 
welding, hand welding and medium 
speed welding of such thermoplastics as 
polypropylene and polyethylene, rigid 
and plasticized PVC and also plasticized 
tank linings, Kamweld says. Kit con- 
tains a welder, aluminum stand, round 
welding tip, tack welding tip, a 16-foot 
neoprene air hose, practice pieces and 
instruction manual. 

3 
An electric welder for most thermo- 
plastics, including plasticized vinyl tank 
linings, unplasticized rigid polyvinyl 
chloride, polyethylene and polypropylene 
is available from Seelye Plastic-Fab, 
Inc., 984 Central Avenue, Minneapolis 
13, Minn. It can be used to produce 
butt, lap and curved welds and others 
with speeds averaging 48 inches per 
minute on simple flat or curved sur- 
faces. Hot nitrogen or compressed air 
heats both area being welded and weld- 
ing rod which is fed automatically 
through tip. Welder is 14 inches long, 
weighs 14 ounces and operates on 
100 v AC. 





/AAPEGOA TP PROTECTION. 


Works for You Anywhere! 


NATURAL GAS lines at compres- 
sor and meter stations give years of 
maintenance-free service when pro- 
tected by TAPECOAT, the coal tar 
coating in handy tape form. 


GAS DISTRIBUTION lines of 
large diameter can readily be pro- 
tected with TAPECOAT to withstand 
the abrasive and corrosive climate 
in underground service. 


Lines in OFF-SHORE DRILLING oper- 
ations need joint protection equivalent 
to the mill-wrapping on the pipe. 
TAPECOAT is most economical be- 
cause it gives lasting protection in under- 
water service. 


CABLE AND CABLE SPLICES in com- 
munications service are effectively and eco- 
nomically protected by TAPECOAT. 
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@ UNDERGROUND GAS STORAGE facilities can be 
“buried and forgotten'’’ when protected by TAPECOAT. 
Note protection of tanks, pipe and pipe joints. 


TEEL MILL water lines in thi 
AIRPORT FUEL LINES need © ee ee 


the quality joint protection as- 
sured by TAPECOAT. It is easy 
to apply by spiral or “cigarette” 
wrapping depending on the size 
of the pipe. No training needed. 


plant are joint-protected with TAPE- 
COAT. TAPECOAT car be used to 
advantage to protect any steel sur- 
face in underground service, as 
proved since 1941. 
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Lines buried in cinders in RAIL- 
ROAD YARDS need the sure 
protection provided by TAPE- 
COAT. There's a size for every 
purpose from 2” to 24” in width. 


® 


Write for full details today 


a Tle TAPECOAT 
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TE Originators BS Coal Tar Coating in Tape Form ce 


1529 Lyons Street, Evanston, Ill. 


Manufactured and Distributed in Canada by 
The Tapecoat Company of Canada, Ltd., 


25 Haas Road, Rexdale, Ontario. 
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43 Firms Hold Booths for 1962 Corrosion Show 


Reserve 50 Percent 
Of Exhibition Space 


At Kansas City Show 


So far, 43 companies have reserved 
booths for the 1962 Corrosion Show in 
Kansas City, Missouri, March 20-22. 
These companies, holding 50 percent of 
the exhibition space, are listed below, 
their products in the accompanying box. 

This year’s show, shaping into a good 
cross section of corrosion controls avail- 
able, will be staged in the Exhibition 
Hall of the downtown Municipal Au- 
ditorium. A block away is Hotel 
Muehlebach, headquarters for the 18th 
Annual NACE Conference which starts 
a day before and ends a day later than 
the show. To avoid creating any con- 
fusion, here is a preview of conference 
arrangements: On the first day of the 
conference, March 19, the technical pro- 
gram will be held in Hotel Muehlebach. 
The next day and thereafter, the program 
will be presented in the Municipal Au- 


Products Set for 


Aluminum 

ANODES 
Graphite 
Impressed current 
Magnesium 


Backfill, coke breeze 
Blast cleaning equipment 


CATHODIC PROTECTION 
Anodes 
Backfill 
Engineering services 
Equipment and materials 
Generators, thermoelectric 
Rectifiers 


Cements 


COATINGS 
Application equipment 
Ceramic 
Metallic 
Plastic 


Generators 


INSTRUMENTS 
Cathodic protection 
Flaw detectors 
Pipe finders 

Insulation, pipe 

Laminates, vinyl-metal 

LININGS 
Cement-mortar 
Epoxy-resin 
Pipe 
Sheet 
Tank 


Magnesium ribbon 


ditorium’s 4th, 5th and 6th floor con- 
ference rooms and the Little Theatre on 
the ground floor. 

As at past shows, the exhibits will be 
photographed and incorporated into 
slide shows for distribution to NACE 
sections as program material. 

Companies desiring to exhibit at the 
show should contact R. W. Huff, Jr,. 
NACE Exhibits Manager, 1061 M & M 
3uilding, Houston 2, Texas. 


Companies Holding Space 
Aluminum Company of America 
Amercoat Corporation 
American-Marietta Company 
American Smelting and Refining 

Company 
Black, Sivalls & Bryson, Inc. 
California Chemical Company, 
Oronite Division 
Carboline Company 
Carpenter Steel Company, 
Alloy Tube Division 
Cathodic Protection Service 
Centriline Corporation 
Clementina Ltd. 
Columbus Coated Fabrics Company 
Cook Paint & Varnish Company 
Detroit Graphite Company 


National Show 


Metals 
Molding powder 


Nickel 
Nickel alloys 


PIPE 
Fittings 
Insulation 
Plastic 
Plastic lined 
Seals 
Stainless steel 
Tapes 


PLASTICS 
Molding powder, chlorinated polyether 
Pipe 
Pipe, lined 
Resins, polyester 
Tanks, filament wound 
Tape 


Pumps 


Raceways, electrical 
Rectifiers 

Reference books 
Ribbon, magnesium 


Sandblasting equipment 

Seals, pipe 

Stainless steel pipe 

Surface preparation equipment 





TANKS 
Filament wound 
Linings 
Tapes, pipe 
Tubing 


Valves 





Dow Chemical Company 
Duriron Company, Inc. 
Encyclopaedia Britannica 
Flower Company, Arch T. 
Glidden Company 
Harco Corporation 
Hercules Powder Company 
Hills-McCanna Company 
International Nickel Company, Inc. 
Johns-Manville 
Kendall Company, Polyken 
Sales Division 
Koppers Company, Inc., 
Tar Products Division 
Lincoln Engineering Company 
Marwais Manufacturing Division, 
Marwais Steel Company 
National Carbon Company 
Pittsburgh Corning Corporation 
Price Company, H. C. 
Reilly Tar and Chemical Corporation 
Republic Steel Corporation 
Resistoflex Corporation 
Royston Laboratories, Inc. 
Shell Chemical Company 
Standard Magnesium Corporation 
Steele & Associates, Inc. 
Socony Paint Products Company 
St. Louis Metallizing Company 
Tinker & Rasor 
Truscon Laboratories 
Wheelabrator Corporation 


South Central Region 


131 From 13 States 
Attend Oklahoma 
Short Course 


Attendance at the Eighth Annual 
Oklahoma Short Course September 27- 
29 was 131. Thirteen states, including 
Hawaii, and Canada were represented. 

More than half the registrants had 
not attended the course before and of 
this group most were new to the field 
of corrosion control, Chairman R. D. 
Daniels says. 

The 1962 course is scheduled Septem- 
ber 26-28 at the University of Okla- 
homa campus in Norman. It is spon- 
sored each year by the university’s 
College of Engineering and BExtension 
Division in cooperation with the Central 
Oklahoma Section of NACE. 


Conference Cities 


Approved for 1962-66 


Cities for South Central Region con- 
ferences for the years 1962-66 have been 
approved by the Board of Trustees. 
They are as follows: 

1962—San Antonio—October 16-19 

1963—Oklahoma City—October 14-17 

1964—Dallas—Undetermined 

1965—New Orleans—October 12-15 

1966—Denver—Undetermined 

(Continued on Page 61) 
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EL PASO NATURAL GAS COMPANY PROTECTS LINE 
VALVES WITH ROSKOTE COLD-APPLIED MASTIC 


4 


we” Dah 


Roskote cold-applied mastic was spray-applied 
to 30’ valves by El Paso Natural’s personnel at 
Granis, New Mexico. Risers and support legs 
were coated with Roskote and wrapped with 
Royston Glas-Wrap for additional mechanical 
abrasion protection. 


You get superior protection against the most 
severe field corrosive agents with Roskote 
cold-applied mastic. Valves, risers, line pipe, 
tanks and other structures above or below 
ground are coated with Roskote by spray or 
brush without heat, flame or toxic and irritat- 
ing effect on workers. The quick-drying fea- 
ture of these mastics permits early backfilling. 
Roskote’s time-saving, cost-saving applica- 
tion complements its low first cost to provide 
you with the most economical means of long- 
life metal protection. 


hedicd 


On the El Paso Natural Gas 
Company line being laid at Fort 
Stockton, Texas, by Western Pipe- 
line Company, all 20” valves 
were spray-coated with Roskote 
cold-applied mastic. 


Roskote is applied cold winter or summer. It 
retains its plasticity at 0°F, and will not run 
or sag at 250°F Its high dielectric strength 
and resistivity, and its superior resistance to 
acids and alkalies provides ample protection 
even under the most rigorous underground 
or atmospheric corrosive conditions. Specific 
formulations are available for resistance to 
high crude oil concentrations and gasoline 
seepage in surrounding soil. 

Royston engineers will give prompt atten- 
tion to your inquiry. 


ROYSTON LABORATORIES, Inc., P.O. BOX 112-C, PITTSBURGH 38, PA. 


District Sales Offices: 
PO. Box 1084 
Atlanta, Georgia 


PO. Box 1753 
Tulsa, Oklahoma 


San Diego 20, Calif. 


PO. Box 8188 
Houston 4, Texas 


Overton Sales Equipment Co. 
5981 Fairmount Extension 


3114 Midvale Avenue 
Philadelphia 29, Pa. 


1605 Ventura St. 
Midland, Texas 
5225 Clover Drive 
Lisle, Illinois 
(Chicago District) 
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(Continued from Page 59) 


Central Oklahoma heard Ted Canfield 
of Cathodic Protection Service, Tulsa, 
discuss two films he presented at the 
meeting on October 2. One film was 
on magnesium andoes, the other on 
cathodic protection with impressed cur- 
rents. An unexpected guest at the meet- 
ing was Senator Mike Monroney who 
was attending a Kiwanis meeting across 
the hall. Having dropped in to say hello, 
he stayed to comment on aircraft cor- 
rosion. 

B. O. Stampley of Aquaness, Okla- 
homa City, will be guest speaker at the 
section’s November 6 meeting. 

® 
Teche Section heard Otto L. Grosz of 
the California Company, New Orleans, 
present a summary of corrosion control 
of a typical offshore structure October 4. 
° 


Tulsa Section heard John R. Weinert 
of Pittsburgh Chemical Company, Pitts- 
burgh, discuss general theories of cor- 
rosion and its prevention by protective 
coatings September 25. 

a 
Shreveport Section heard Floyd B. 
Thorn of Cathodic Protection Service, 
Houston, discuss thermoelectric genera- 
tors for cathodic protection October 3. 
Thirty-one attended. 

° 
East Texas Section met in Longview 
September 26 to hear M. J. Olive of 
Corrosion Control Associates discuss 
cathodic protection and its role in the 
East Texas oil field. 


DEATH S 


Orvis A. Melvin, chairman of the Hous- 
ton Section and sales engineer for the 
Carboline Company, died Saturday, 
October 14, in a Houston hospital fol- 
lowing an operation. 

An enthusiastic 
worker in the Hous- 
ton Section since 
joining NACE in 
1954, he had served 
as secretary - treas- 
urer and vice chair- 
man of the section 
and on the entertain- 
ment and other com- 
mittees. He also had 
been active in the 
Houston Coating 
Society. 

Melvin 3efore joining 
Carboline in 1955, he was associated 
with Vaport Honing Company, Inc. 

Mr. Melvin, a resident of Houston for 
the past 40 years and a member of 
Saint Patrick’s Episcopal Church, is 
survived by his wife, Mrs. Florine 
Melvin, and three sons, Orvis Melvin, 
Jr., Michael and Patrick Melvin, 
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i 
Edmonton Section heard J. V. Hayward 
of Dominion Bridge Co. discuss non- 
destructive testing systems for welded 
fabrication August 24. 





NACE NEWS 


Ladies’ Program 
Starts With Coffee 


A coffee on the patio of the Key Bis- 
cayne Hotel at 9:30 a.m., Tuesday, No- 
vember 28, starts the ladies’ program at 
the Southeast Region’s Miami confer- 
ence. At the coffee, the entertainment 
committee will brief the ladies as to 
activities planned for them. 

The ladies, naturally, are invited to 
the luau, social hour, banquet and dance. 

And, naturally, sunshine awaits all at 
Miami where golden suntans are yours 
for the basking. Recreational facilities of 
the Key Biscayne Hotel include a pri- 
vate, 1100-foot beach, two swimming 
pools, a nine-hole pitch ’n putt golf 
course and tennis courts. 


Ohio Valley Elects 
Section Officers 


The Ohio Valley Section of the 
Southeast Region has announced the 
election of the following officers: 

Chairman C. N. Beck of Louisville 
Gas & Electric Company, Vice Chair- 
man John S. Heintzman of Southern 
Bell Telephone & Telegraph Company 
and Secretary-Treasurer Robert L. 
Whitehouse of Irvin H. Whitehouse & 
Sons Co. 

6 
Steel ingot production in the United 


States in 1960 was 99.3 million tons, a 
6 percent gain over 1959 production. 
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Miami Conference 
Registration Begins 
at 9 a.m., Nov. 27 


Registration at the Southeast Region 
Conference in Miami begins at 9 a.m., 
November 27, in the main lobby of the 
Key Biscayne Hotel. The technical 
program, which appears on Page 68 of 
October Corrosion, starts at 1:30 that 
afternoon in the hotel’s Santa Marta 
Room just off the main lobby. 

The registration fee is $12; it includes 
a ticket for the Luau and the Social 
Hour. Banquet tickets are $5. No reg- 
istration fee is required for wives of 
registrations; however, additional tickets 
for the Luau or Banquet wil be $5. 









COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a high car- 
bon content and comes in sizes of Y%-inch x 0 to % 
x Ym inch. In bulk or sacks. Prices on other sizes on 
request. 


Special DEEP WELL 
Fine Coke Backfill—100 Mesh 
National Carbon Anodes 
Magnesium Anodes 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


P.O. Box 94 Mt. Olive, Ala. 
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Topically Arranged 

or" Topically Cross-Indexed 
Bras Alphabetically Indexed 
i Author Index 








On sales to Texas 
addresses add 2% tax. 







NACE Members 


248 pages, 814 x 11 inches, plastic 
back, flat maine $22.50 


















Contains complete NACE Abstract Filing System Index, 2136 abstracts of Non-Members 
1956 corrosion control literature alphabetical list of 2859 authors, $27 50 
thorough alphabetical subject index, complete cross-references. ° 








This book gives you an easily used key to the published data on corrosion © Foreign remittance should be by intemeteul 


control during 1956. Use it to save countless hours of time searching postal or express money order or bank draft negotiable 
general indexes; take advantage of this wealth of carefully classified in the U.S. for an equivalent amount of U. S. funds. 
information in solving your corrosion problems. The book has been + ln dibs & ie leet ee a ee 


rearranged for quicker reference, easier use. Order your copy today. charge of 65c per package for registered book post 
to addresses outside the U. S., Canada and Mexico. 









Get the Keys to Il Years of Corrosion Control Literature 


These six volumes cover the 1l-year period 1945-55 in 20,045 abstracts carefully classified by the NACE Abstract 
Filing System, Every volume cross-indexed, with alphabetical subject and author indexes, Save valuable research 
time with these abstracts. 







1954-55 VOLUME, 


containing 4287 ab- 


1950-51 VOLUME, 
containing 4454 ab- 
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containing 1086 ab- 
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NATIONAL and REGIONAL — 
\ MEETINGS and 
==] SHORT COURSES 





Nov. 27-Dec. 1—Southeast Region Con- 
ference and Florida General Confer- 
ence Short Course, Key Biscayne 
Hotel, Miami, Fla. 


Nov. 29-30—NACE Board of Directors 
ane Key Biscayne Hotel, Miami, 
a. 


1962 


January 17-19—Canadian Region East- 
ern Division Conference, King Ed- 
ward Hotel, Toronto, Ontario. 


March 18—NACE Board of Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 


March 19-23—18th Annual Conference 
and 1962 Corrosion Show, Kansas 
City, Missouri, Municipal Auditorium. 


March 23—NACE Board of Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 


October 1-4—Northeast Region Confer- 
ence, Hotel Sheraton Ten Eyck, Al- 
bany, N. Y. 


October 9-11—North Central Region 
Conference. 


October 11-12—Southeast Region Con- 
ference, Birmingham, Ala. 


October 16-19—South Central Region 
Conference and Exhibition, Granada 
Hotel, San Antonio. 


1963 


March 18-22—19th Annual Conference 
and 1963 Corrosion Show, Convention 
Hall, Atlantic City, N. J. 


October 14-17—South Central Region 
Conference, Oklahoma City, Okla. 


October 22-24—Northeast Region Con- 
ference, Niagara Falls, N. Y. 


1964 


March 9-13—20th Annual Conference 
and 1964 Corrosion Show, Sherman 
Hotel, Chicago, III. 


October 25-30—North Central Region 
Conference, Hotel Lemington, Minne- 
apolis, Minn. 


1965 


March 15-20—2lst Annual Conference 
and 1965 Corrosion Show, Chase-Park 
Plaza Hotel, St. Louis, Mo. 


SHORT COURSES 
1962 


Feb. 21-23—12th Annual Corrosion Short 
Course, Tulsa, Okla. 


Sept. 26-28—9th Annual Centra! Okla- 
homa and University of Oklahoma 
Corrosion Control 
Norman. 


Short Course, 


NACE NEWS 





T-5D Working on 
Numbering System 
For Plastics 


Technical Committee T-5D, Plastic 
Materials of Construction, meeting in 
St. Louis October 9 in conjunction 
with the North Central Conference, re- 
sumed its work toward establishment 
of a numbering system for structural 
plastics for corrosion control. 

Plans made by the committee to pro- 
gress the project include (1) presenting 
the.committee’s aim to establish such a 
numbering system to fabricators attend- 
ing a meeting of the Society of the 
Plastics Industry in November and (2) 
establishing liaison with the Manufac- 
turing Chemists Association which is 
working on standards for plastic ma- 
terials of construction. 

® 


Cleveland Section scheduled a tour of 
Norton Salt Company, Painesville, Ohio, 
October 17. 

Anton de S. Brasunas of American 
Society for Metals spoke on corrodi- 
bility September 19. 

3 
Twin Cities Section will hear Clifford 
J. Ulheimer of Mobil Oil Company, 
Paulsboro, N. J., discuss organic cor- 
rosion inhibitors for lubricating oils 


November 14. 
° 


Kansas City Section scheduled D. R. 
Baker of Marley Company, Kansas 
City, Mo., to speak on deterioration of 
cooling tower materials October 9. 

Two movies titled Cathodic Protec- 
tion With Galvanic Anodes and Catho- 
dic Protection With Impressed Current 
were shown at the September meeting. 
T. Canfield of Cathodic Protection 
Service was on hand to answer any 
questions regarding the movies. 

° 


Southwestern Ohio Section heard Don- 
ald B. Jones of Goodyear Atomic Cor- 
poration speak on corrosion of cooling 
water systems September 26. William 
Eckert gave an illustrated talk on the 
1961 NACE annual conference in 
3uffalo. 


Western Region | 
| 


Portland Section heard Israel Cornet of 
the University of California speak on 
current research on corrosion fatigue 
and velocity effects September 7. At- 
tendance was 46. 

a 
San Francisco Bay Area heard John C. 
Wood of Garratt-Callahan Company 
discuss unusual corrosion problems ex- 
perienced in boiler systems and water 
cooling systems September 12. In at- 
tendance were 25 members and 26 
guests. 

« 
Steel manufacturers in the United States 
during the past five years produced an- 
nually 1,162 lbs of steel per American. 
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Pittsburgh Section heard Charles J. 
Code of the Pennsylvania Railroad 
Company discuss corrosion problems in 
connection with railroad tracks on Octo- 
ber 12. Approximately 40 people at- 
tended. 

For November 2, the section sched- 
uled G. F. Bush of Ford Motor Com- 
pany to speak on corrosion of exterior 
automotive trim. A round table on 
underground corrosion will be held 
December 7; Chairman will be C. A. 
Erickson of Peoples Natural Gas Com- 
pany. 

® 


Kanawha Valley Section heard John 
Lomax of Hercules Power Company 
speak on field experiences with cor- 
rosion resistant Penton coatings and 
linings September 21 at Huntington, 
W. Va. Attendance was 21. Two pro- 
fessors and one student from Marshall 
University attended as guests of the 
section as part of the program under 
way to bring corrosion and materials 
engineering to the attention of local 
students. 

At this meeting, F. A. Radford of 
Godfrey L. Cabot Company, Charles- 
ton, W. Va., was elected treasurer to 
replace James Parker who has been 
called to active military duty. 

* 
Twenty-six percent of the estimated 


1960 world steel output was produced 
in the United States. 


Corrosion Testing 


Coupons, Spool Parts 


STANDARD SIZES 
or 
Made To Your Specifications 


Over 70 Materials in Stock 
For Quick Delivery 
Write us for your Testing needs. 


CORROSION 
Test Supplies Co. 


P. O. Box 176 


Baker, La. 
We Ship Anywhere in the World 
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HO eee Ltd. First steps toward hull protection 
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CEBELCOR Is Major 


Corrosion Group 
In Belgium 


In Belgium, corrosion receives the at- 
tention of several special organizations 
and numerous industriai laboratories. 

The greatest amount of corrosion 
work is done by Centre Belge d’Etude 
de la Corrosion (CEBELCOR) which 
includes fundamental research as well 
as specific practical problems. 

In the fundamental field a potentio 
dynamic method of studying electro- 
chemical surface phenomena has _ been 
developed. This has been applied to the 
behavior of steel and steel alloyed with 
copper in various media, to aluminum 
and to copper with a view of determin- 
ing how a passivating film is formed 
and the role of chloride. These studies 
have led to the establishment of equilib- 
rium diagrams (corrosion, passivity and 
immunity) for binary and ternary sys- 
tems and to the improvement of elec- 
tronic potentiostatic apparatus. An atlas 
of electrochemical equilibria will soon 
be published in both French and Eng- 
lish. 

Together with 
cleaires (CEN) and_ the 
CEBELCOR is working on a 
program for EURATOM. The aim of 
this project is to determine how the 
electrochemical behavior of metals can 
be used to predict their corrosion be- 
havior in nuclear energy plants. 

Using potentiostatic methods, inten- 
sive work has been carried out on the 
behavior of stainless steel in dilute sul- 
phuric acid solution and in chloride 
lution. Aluminum also has been investi- 
gated. 

Applied research has included a study 
of the corrosion of steel reinforcing 
bars in concrete as well as specific cases 
of corrosion such as boilers, anodized 
aluminum, water pipes, heat exchangers, 
water coolers, performance of different 
chromium steels, etc. 

Another important 
BELCOR has _ been 


d’Etudes Nu- 
S.A. l., 
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| Make SEA WATER |f 


~ANYWHERE! 


SEA RITE SALT 


for CORROSION STUDIES 
4% oz. Sea Rite Salt crystals in 


one gallon tap water produces lab- 
oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based on 77 composite an- 
alysis. Immediate delivery — any 
quantity. Technical literature on 
request. Write, wire, phone now! 


LAKE PRODUCTS CO.., Inc. 
ST. LOUIS 25, MISSOURI 
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PALE 


technical reports and the presentation of 
lectures on corrosion research and pre- 
vention. 

Much corrosion work is also done by 
Centre Belge d’Etude et de Documen- 
tation des Eaux (CEBEDEAU) whose 
main concern is the corrosion of steel 
products by water. Studies have been 
made also in the field of season corro- 
sion in the sugar industry. 

Centre National de Recherches Metal- 
lurgigues (CRNM) is carrying on a 
test program on the atmospheric cor- 
rosion of structural steels. 

A study of the performance of dif- 
ferent paint systems started a few years 
ago by ABEM IV is continuing. 

In the last two cases samples are 
being tested in industrial and marine 
areas of Belgium. 

Y. Lannoye 

R. Crunelle 

Centre Belge d’Etude de la Corrosion 
24 Rue des Chevaliers 

Bruxelles 5 

3elgium 


9 Groups Active 
In Corrosion Work 


in Israel in 1960 


In Israel, major corrosion control 
activities during 1960 were carried on 
by the following organizations: 

1. The Corrosion Group—Associates 
of Engineers and Architects. Various 
corrosion topics were discussed by Cor- 
rosion Group members at several lec- 
tures. A number of lectures from abroad 
participated in these meetings, their 
opinions arousing great interest. 

Technion—Israel Institute of Tech- 
nology. A corrosion research laboratory 
was established at the Technion as part 
of the Israel Metals Institute. Further 
progress has been made in research of 
concrete corrosion at the Building Re- 
search Station. This research includes 
bonding of reinforced concrete elements 
in connection with corrosion danger to 
reinforcement and the influence of cracks 
in reinforced concrete structures on the 
corrosion of reinforcement in different 
climatic zones, temperature on corrosion 
of reinforcement and climate on corro- 
sion of concrete reinforcement. 

3. Water Planning for Israel, Ltd. 
Various cathodic protection projects 
were planned and carried out. A major 
project of cathodic protection of 140 
miles of oil pipelines, designed and in- 
stalled by D. Spector as contractor, was 
completed. 

Several experts from France and the 
United States were invited by the above 
organization to deal with problems of 
corrosion of prestressed reinforced con- 
crete water mains. 

4. Water Department—Jewish 
Agency, Ltd. Irrigation systems in sev- 
eral villages were cathodically protected. 

5. ZIM—Israel Navigation Company. 
New tankers, recently launched, were 
cathodically protected according to de- 
sign of Spector Cathodic Protection, 





were taken. 

6. Israel Electricity Company. Cath- 
odic protection of a long crude oil sea 
outlet. 

7. Municipality of Tel Aviv. Planning 
and design of cathodic protection of 
prestressed reinforced concrete water 
mains by D. Spector consultants. 
Groundbed installations 300 feet deep 
were made for the first time in this 
country. 

8. Post Ministry. Survey and design 
of cathodic protection of interurban 
trunk cables 180 miles long. 

9. D. Spector—Corrosion Engineers. 
Acted as consultants on corrosion prob- 
lems to most of the above organizations 
and design and installation of various 
cathodic protection projects all over the 
country. 

D. Spector 
22 Harakevet Street 
Tel Aviv, Israel 
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November 


1 Teche Section 

West Kansas Section 

Pittsburgh Section, Corrosion of 

Exterior Automotive Trim by G. F. 

3ush of Ford Motor Company 

Central Oklahoma Section 

14 Houston Section, Student Night, 
Hydraulic Spray Application of 
Fiberglass Reinforced Epoxy and 
Polyester Resins by Moody Adams 
of Matcote. 


Nh 


14. Twin Cities Section, Organic Cor- 
rosion Inhibitors for Lubricating 
Oils by Clifford J. Ulheimer of 


Mobil Oil Company 

Wilmington Section, Protective Coat- 

ing by James E, Parkinson of U. S. 

Navy Yard. 

16 Vancouver Section, Boiler Corrosion 
and Metallurgical Aspects of Boiler 
Tube Failures by R. D. Barer of 
Pacific Naval Laboratory. 

21 Alamo Section 

21 Chicago Section, Half a Century of 

Research in Glass by J. W. McClel- 

lan of Corning Glass Works 

New Orleans Section 


— 
un 


2/ 

December 

1 Appalachian Underground Corro- 
sion Short Course General Com- 
mittee meeting in Pittsburgh, Pa. 

4 Central Oklahoma Section 

6 Teche Section 

7 West Kansas Section 

7 Pittsburgh Section, Underground 


Corrosion Round Table, Chairman 
C. A. Erickson of Peoples Natural 


Gas Company 

8 Rocky Mountain Section 

12 Twin Cities Section 

12 Houston Section, Chemical In- 
dustry Development in Texas and 


Educational Trends in Engineering 
Schools by J. D. Lindsay of Texas 
A&M College. Ladies Night. 
19 hiians Section 
19 Philadelphia Section, Management’s 
Concern With Corrosion by G. E. 
Jest 
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If you have a question or problem related 
to industrial paint applications, NACE 
Technical Unit Committee T-6D will for- 
ward it to qualified men in the industrial 
coating field for answers and suggested 
solution to problems. State your problem 
fully. Questions should be addressed to 


T-6D Coating Clinic, Corrosion Maga- 
zine, 1061 & M Bidg., Houston 2, 
Texas. 


Water Blasting 


The question on water blasting on 
Page 71 of the September issue stimu- 
lated considerable interest. At present, 
the only) equipment source known is 
the E. L. Lester Company, 5050 Holmes 
Road, Houston 33, Texas. Additional 
information on this surface preparation 
method and availability of equipment 
would be appreciated. 


Bubbles in Sprayed Paint Films 


What are the causes of small bubbles 
in fresh paint films applied by air and 
airless spray? 


There are probably as many differ- 
ent causes as there are bubbles; how- 
ever, here are a few of the causes: 

Air Spray: 

1. To high fluid pressure and/or too 
low atomizing air pressure. Air becomes 
entrained in the fluid and breaks out 
after reaching the surface being coated. 
This can be corrected by proper adjust- 
ment of equipment. 


2. Steel that has been over-pickled 
will develop a porous, spongy surface 
which will create bubbles as the con- 
tained air is displaced by the coating. 
This, obviously, can be corrected by 
proper pickling. 

Airless Spray: 


1. Improper solvent balance or pig- 
mentation. This can be corrected by 
reformulation. 


2. Too low or too high viscosity. 
This can be corrected by thin coating 
to proper viscosity. 


Equipment Height Versus 
Coating Failure 


Why do paint or coating films applied 
to the exterior of petroleum products 
tanks almost always display their first 
failure at the top two or three rings 
of the tank? (This is a repeated ques- 
tion. See Page 71 of the September issue 
for another possible answer.) 


Assuming that most painting has been 
done by the air spray method, the fluid 
flow (as adjusted on the ground for 
proper atomization with air atomized 
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equipment) drops while the atomizing air 
pressure remains constant, thereby re- 
sulting in an overly dry spray which 
is no longer free flowing. The resulting 
film is more porous and consequently 
permeated more easily by moisture, thus 
giving premature failure. 


Corrective measures would include ad- 
justment of equipment at application 
height or keeping the pressure pot at 
the coating level. 

Comments from readers suggest sev- 
eral other possible causes of this failure 
phenomenon: 


1. One suggests that the degree of 
supervision and quality of inspection is 
inversely proportional to the height and 
inconvenience of the object being 
painted; therefore, the durability of the 
film suffers to the same degree. Correc- 
tive measures suggested are agile super- 
visors and inspectors and more consci- 
entious painters. 


2. Another reader suggests that the 
velocity of the wind increases from the 
bottom to the top of tanks, frequently 
making it more difficult to deliver 
overspray-free films to the surface. Cor- 
rective measures for this cause would 
include (a) job planning, (b) adjustment 
of air spray equipment to deliver proper 
films six to eight inches from the sur- 
face, and (c) the possible use of air- 
less spray equipment if the product 
being applied is adaptable to that 
method. 

Additional suggestions on answering 
this question are welcomed. Submit 
such suggestions to the address given 
above. Apparently, this problem is a 
common one. 


Air Dried Internal Coating 
For Steel Tank 


Based on successful experience, what 
air dried coating is recommended for 
the inside of a steel tank which is filled 
with distilled water? 


If the distilled water is not potable, 
coal tar epoxy formulas have worked 
very well in two-coat, 16-mill applica- 
tions. Some coal tar epoxy products 
are usable at more elevated tempera- 
tures than others. 

If the water is potable and must con- 
tain only raw materials approved by 
the Pure Food and Drug Administra- 
tion, the most likely systems would be 
of vinyl chloride-vinyl acetate or epoxy 
formulation. The formulation of coat- 
ings for this service requires the use 
of solvents and other ingredients that 
do not leave taste in the water or re- 
leased toxic constituents. To be taste- 
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free, vessels usually are force dried at 
low temperatures to remove all residual 
solvents. Therefore, require your sup- 
plier to be specific in his recommenda- 
tions. 


Equipment for Zinc Silicate Coatings 


What type of equipment is being used 
to apply zinc silicate coatings? 


The equipment generally used by in- 
dustry is of standard pressure feed air 
atomized type with minor modification. 
Guns are fitted with heavy duty needle 
springs and leather or Teflon feed pack- 
ing. 

Air agitated pots are equipped with 
double regulation and feed through 
over-sized fluid hoses. 


NYLON 


Designed for Cathodic Protection use. 
Outstanding dimensional stability: 
Molded hex hed equivalent to stand- 
ard steel; black color for improved 
weathering resistance. 


Maximum operating conditions: 
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DISTRIBUTING COMPANY 
Box 762 SHAWNEE, OKLAHOMA 


Prices and Literature on Request 








CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


For Safe, Cathodic Protection 


COMINCO BRAND 
ZINC ANODES 


AVAILABLE IN A WIDE RANGE OF SHAPES AND SIZES TO 
PREVENT CORROSION OF STEEL WITH MAXIMUM ECONOMY. | 


@ COMINCO BRAND ZINC ANODES 
do not require complex installation and 
will not overprotect, thus giving maximum 
anode life. 


@ They are self-regulating, automatically 
increasing or decreasing current supply 
as changing conditions may require. 


@ COMINCO BRAND ZINC ANODES 
are made from electrolytically refined 
Special High GradeZine to which carefully 
controlled additions have been made. 


@ They are especially designed for dif- 
ferent services such as ship hulls, ballast 
tanks, piers and docks, heat exchangers 
and pipe lines. The requirements of these 
services indicate specific design is neces- 


sary to give maximum economy and 
effectiveness. 


@ Many new anode designs have been 
developed by Cominco as a result of recent 
research. Of particular importance is the 
range of new, long thin shapes which tests 
have shown combine the advantages of 
high current output per pound, improved 
self-regulating properties, less weight and 
lower capital cost. 


@e COMINCO BRAND ZINC ANODES 
are designed for easy installation either 
by bolting or welding to the structure to 
be protected. All anodes have a specially- 
designed insert bonded to the anode metal, 
giving a permanent positive electrical 
connection for the full life of the anode. 


To help you achieve effective cathodic protection— our Technical Service will 
be glad to be of assistance. 


Write for our descriptive brochure on COMINCO BRAND ZINC ANODES. 
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Available in Eastern Canada from CORROSION SERVICE LIMITED, 17 Dundonald Street, Toronto 5, Ontario and 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Forms 


3.2.3, 7.4.1 

Hard-Water Scaling of Finned Tubes 
at Moderate Temperatures. J. G. Knud- 
sen and H. K. McCluer. Oregon State 
College. Chem. Eng. Progress, 55, Sym- 
posium Ser. No. 29, 1-4 (1959). 

With the increasing use of finned 
tubes in industrial heat transfer equip- 
ment it is important to know their heat 
transfer characteristics. This investiga- 
tion is concerned with a study of the 
rate of scaling of transverse finned tubes 
in a double-pipe heat exchanger. (auth.) 


—NSA. 19942 


3.2.3, 6.2.3 

Study of Mill Scale Formed on Steel 
Sheet During Hot Rolling. M. Cagnet 
and J. Moreau. (In French.) Rev. Mét., 
57, 437-444 (1960) May. 

General characteristics of scale formed 
on three grades of extra-mild carbon 
steel studied by micro-examination of 


Abstracts in This Section are selected 
from among those supplied to sub- 
scribers to the NACE Abstract Punch 
Card Service, Persons who are in- 
terested in reviewing all available 
abstracts should write to NACE for 
information on this service. 


polished specimens. Type of rolling mill, 
final rolling temperature and location 
from which specimen is taken influence 
thickness, compactness and adherence 
of oxide layer and shape of metal-oxide 
interface. Grade of steel appears to be 
unimportant in range studies. 7 refer- 
ences.—RML. 21250 


3.2.3, 3.8.4, 6.2.2 


The Breakdown of the Protective 
Oxide Film on Transition Metal Alloys. 
W. W. Smeltzer. Acta Metallurgica, 8, 
268-270 (1960) April. 

Initial breaks in oxidation curves of 
iron-chromium alloys were found to be 
associated with the ferrite-austenitic 
phase transformation. This transforma- 
tion was caused by preferential oxida- 
tion of chromium at a rate much larger 
than its replenishment by diffusion to 
the metal-oxide interface. The stress re- 
sulting from this transformation caused 
breakdown of the protective oxide film. 
Results indicated that continuous oxi- 
dation curves for iron-chromium alloys 
could be obtained under conditions where 
preferential oxidation of an alloy con- 
stituent did not cause the ferritic-auste- 
nitic phase transformation—NSA. 21079 


3.2.2, 3.7.3, 4.6.2, 7.2, 6.2.3 


Weld Probe Sampling Programs of 
Graphitized Piping Are Still Your Best 
Guarantee of Safety of Carbon-Molyb- 
denum Steel Steam Piping Systems. H. 
Thielsch. Grinnell Co., Inc. Heating, 
Piping & Air Conditioning, 31, No. 3, 
116-120 (1959) Mar. 

Piping failures due to severe graphiti- 
zation occur in less than 2% of carbon- 
molybdenum steel joints in steam piping 
systems operating at above 800 F within 
first 10 years of operation. Potentially 
severe cases of graphitization can be 
caught by following periodic sampling 
of joints. Weld sample may be removed 
by drilling or weld prober saw. Program 
should include removal of 1 specimen 
each from 30-50% of pipe-to-pipe joints 
involving wrought materials. Where 
sampling reveals graphitization to dan- 
gerous degree, rehabilitation can be ac- 
complished by solution heat treatment, 
by gouging out graphitized zone and de- 
positing new weld, or by replacement 
of carbon-molybdenum steel with chro- 
mium-molybdenum alloy steel not con- 
sidered susceptible to graphite forma- 
tion—INCO. 18571 


3.2.2, 3.8.4 

Pits in Metals Caused by Collision 
with Liquid Drops and Soft Metal 
Spheres—Research Paper No. 2958. 
O. G. Engel. National Bureau of Stand- 
ards. J. Research Nat. Bureau of 
Standards, 62, No. 6, 229-246 (1959) 
June. 

An equaticn is developed to give pit 
depth as a function of collision velocity 
for pits formed in soft to medium-hard 
metal plates as a result of collision with 
liquid drops. Rear face of target plate 
must be a free surface. Plate thickness 
must not be less than 1.5-2.0 times drop 
diameter nor greater than 4-5 times drop 
diameter. Under same conditions on 
target plate, equation is also applicable 
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to pits formed in soft to medium-hard 
metal plates as a result of collision with 
spheres of same metal that flow radially 
as a result of collision. Pit-depth-versus- 
velocity data obtained in other labs were 
used to test equation. Metals used as 
targets were copper, aluminum, lead, 
steel, soft iron and zinc. Mercury was 
used as drop liquid against copper, alu- 
minum, lead and steel. Water was used 
as drop liquid against copper, aluminum 
and lead. Spheres of copper, aluminum, 
lead, soft iron, and zine were used 
against targets of same materials, re- 
spectively. Equation can be used to 
calculate dynamic compressive yield 
strength of soft to medium-hard metals. 
Tables, graphs, photomicrographs, 15 
references.—I NCO. 19103 


3.2.2, 6.2.3, 8.2.2 

Graphitization Failures in Piping. 
J. B. Nuchols and J. R. McGuffey. 
Paper before American Society for Me- 
chanical Engineers, Annual Meeting, 
New York, November 30-December 5, 
1958. Mech. Eng., 81, No. 5, 43-45 (1959) 
May. 

Two unexpected major graphitization 
failures in carbon-molybdenum steel 
high-pressure main steam piping at Oak 
Ridge Gaseous Diffusion Plant Power 
Station in Sept. 1957 indicate potential 
hazards for power industry where com- 
parable piping systems are still operat- 
ing with carbon-molybdenum steel. 
Prior to first failure, a high level of 
confidence had been placed in program 
of selective sampling, partial replace- 
ment, and remedial repair of graphitized 
carbon-molybdenum steel piping sys- 
tem (including pipe joints, valve-to- 
pipe joints, superheater outlet headers 
and stubs, and castings and forgings ex- 
ecuted in conjunction with scheduled 
inspection outages. Thorough evaluation 
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made possible during complete sampling 
of piping that failed revealed that there 
are factors in graphitization which can- 
not be readily predicted. Any unsampled 
component must be considered a poten- 
tial graphitization failure. All carbon-%4 
molybdenum steel in system will be sys- 
tematically replaced with 1% chromium- 
1%4 molybdenum steel. Illustrations, pho- 
tomicrographs.—INCO. 19345 


3.2.2, 7.6.8 
Corrosion Inclination and Thickness 
Calculation of Furnace Tubes on Crude 
Distillation Unit. (In Japanese.) Yahiko 
Kadono. Corrosion Engineering, 7, No. 

6, 37-40 (1958) Nov. 

Author measured inside diameter of 
furnace tubes to determine minimum 
wall thickness due to non-uniform cor- 
rosion. (1) Excessive corrosion due to 
blister formation is found on _ heating 
side of radiation tubes. (2) Minimum 
wall thickness of tubes is calculated by 
following equation: 

Tm= To— [{4d X (12.3 y Ad+ 50) }/100] 
Tm: minimum thickness 
To: original thickness 

Ad: increase of inside diameter 

—JSPS. 


3.2.3, 2.3.6, 2.3.9, 6.4.2, 6.2.2 
Electron-Microscope and Electron- 
Diffraction Study of Carburization of 
(Thin Films of) Iron and Aluminium. 
(In French.) Jean-Jacques Trillat, (Mlle) 
Lea Tertian and (Mlle) Monique Bon- 
net-Gros. Compt. rend., 249, No. 15, 
1299-1302 (1959) October 12. 
Carburization was followed by vac- 
uum-depositing and heating iron or 
aluminum films on thin (100 A) C mem- 
branes within the apparatus. With alu- 
minum, no diffusion of carbon was 
observed up to 350 C, the diffraction 
patterns showing only rings from the 
aluminum but near 400 C supplementary 
rings appeared; these became more pro- 
nounced, and the aluminum rings more 
feeble, with increasing temperature. The 
practically pure dominant composition 
was observed at approximately 550 C and 
was identified as Al,C3. Towards 900 C, 
rings from crystallized y- Al.Os; appeared, 


18917 


possibly, owing to oxidation of traces of 
uncombined aluminum, even under the 
high-vacuum conditions. Simultaneous 
electron-miicroscope studies showed a 
pattern change at approximately 900 cx 
indicative ae of a mixture of Al,C; 
and AlO;. A diffractographic record of 
the Al — ALC; transformation is pre- 
sented.—MA. 19539 


3.2.3, 6.2.2, 3.7.2 

Growth and Scaling of Cast Iron. I. C. 
H. Hughes. British Cast Iron Research 
Assoc., Rept. No. 526. J. Brit. Cast Iron 
Research Assoc., 8, No. 1, 7-28 (1960) 
Jan. 

Mechanisms of growth and scaling 
are explained and conditions which pro- 
mote growth and scaling of cast iron 
are described. Influence upon growth 
and scaling of various alloying elements 
is considered. Small amounts of Ni have 
been reported to promote growth. Of 
high alloy austenitic irons, Nicrosilal is 
most resistant to growth. Standard Ni- 
Resist possesses some growth resistance 
but greatly improved resistance is ob- 
tained in special grades of Ni-Resist 
with increased Cr contents. Improved 
resistance to scaling is found in Cralfer, 
Nicrosilal and Ni-Resist. Behavior of 
alloyed, flake and nodular cast irons in 
conditions promoting growth and scal- 
ing is described. Methods of measuring, 
calculating and predicting growth and 
scaling are also considered. Graphs, 
photomicrographs, 46 references.— 
INCO. 19813 


3.2.2, 8.8.5, 3.8.2, 3.4.7, 3.4.8 
Environmental Factors Conducive to 
Graphite Corrosion. R. I. Higgins. Brit- 
ish Cast Iron Research Assoc. Rept. 
No. 535. J. British Cast Iron Res. Assoc., 
8, No. 2, 217-220 (1960) March. 
Graphitic corrosion occurs where cor- 
rosion products of Fe matrix can escape 
from casting in soluble form. If final 
corrosion product is rust then it must 
be precipitated out of contact with cast 
iron surface. Chemical and electrochem- 
ical factors which favor graphitic cor- 
rosion are described on this basis. These 
include galvanic, applied e.m.f. or stray 
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current corrosion, low pH, presence of 
ions which form complexes with ferrous 
or ferric ions, low Oz concentration at 
metal surface, and presence of sub- 
stances which peptize Fe(OH)s. Dia- 
grams.—INCO. 20001 


3.2.2, 6.6.6 

Decarburization of Tungsten Carbide 
by Moist gg toot bees Hans Jurgen 
Booss. Arch. Eisenhuttenwesen, 30, No. 
12, 761-764 (1959). 

Mixtures of steam and hydrogen, with 
partial pressures of hydrogen of 30-75 
mm Hg, were passed over WC samples 
of various degrees of fineness at tem- 
peratures from 800 to 1000 C for periods 
up to 4 hours. Rapid C analyses and 
X-ray examination of the final powder 
indicated that the activation energy of 
decarburization below 950 C was 30.3 
+ 3 kcal/mole, above 950 C 53 + 8 
kcal/mole. It is concluded that the rate- 
determining step below 950 C is the de- 
sorption of CO from the WC lattice, 
above 950 C the diffusion of C through 
the WC lattice. Experiments in purified 
H indicated no decarburization at all.— 
MA. 20135 


3.8 Miscellaneous Principles 


3.8.2, 3.6.8, 6.3.11 

Proton Transfer Between Palladium] 
Hydrogen and Palladium-Platinum|Hy- 
drogen Electrodes. Pt. I. Equilibrium 
Hydrogen Electrodes. Pt. II. Incomplete 
Polarization of Proton Transfer. A. W. 
Carson, Ted B. Flanagan and F. A. 
Lewis. Trans. Faraday Soc., 56, No. 9, 
1311-1323; 1324-1331 (1960). 

Pt. I. The drift of the resistance of 
Pt and Pt-Pd wires containing hydrogen 
was investigated as a function of proton 
transfer. Resistance measurements were 
used to examine the proton transfer be- 
tween Pd|H and Pd-Pt]|H electrodes and 
N-HC1 when the situation was not com- 
plicated by H evolution. The activation 
energy of the process is 4.9 kcal/mole 
and the slow step seems to be the re- 
striction in the permeation of the proton 
through a double layer. 15 references. 

>t. II. It is suggested that reversible 
concentration polarization of proton 
transfer may be incomplete when the H 
content of the Pd alloys corresponds to 
the co-existence of a number of hydride 
phases. The effect is evaluated for a 
number of palladium alloys and the 
measurement of resistance with incom- 
plete polarization is discussed.—MA. 


21241 


3.8.4, 2.4.2, 6.3.20, 4.6.2, 3.5.9 

Metal-Water Reactions. Pt. IX. The 
Kinetics of Metal-Water Reactions— 
Feasibility Study of Some New Tech- 
niques. Sydney C. Furman and Paul A. 
McManus. General Electric Co. U. S. 
Atomic Energy eee Pubn., 
GEA P-3338, Jan. 31, 1960, 55 pp. Avail- 
ae _from Office Z Technical Services, 
us, Department of Commerce, W ash- 
ae 20, DiC. 

A feasibility study was carried out 
which demonstrated the ability of the 
Thermodot, a commercial radiometer, 
to follow temperature transients occur- 
ring as the result of zirconium-steam 
reaction. The instrument was employed 
to measure surface temperature at 1600 
to 2300 C; the instrument is capable of 
covering a much wider range of tem- 
perature. In the study of the Thermodot, 
electromagnetic levitation melting of 
zirconium was developed. Zirconium 
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was melted while suspended in a radio- 
frequency field. The design of coils re- 
quired to obtain symmetric and_ rela- 
tively quiescent melts is discussed. 
Emissivities of oxidized and non-oxidized 
zirconium surfaces were measured at 
0.65 “, with an optional pyrometer and 
at 2.3 w with the Thermodot modified 
with a special filter. The considerations 
important in the interpretation of tem- 
perature measurements in regard to re- 
action rates are discussed. Suggestions 
for additional studies are made. (auth) 
—NSA. 20599 
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mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $5.00. 


T-4B-4 Pipe-Type Cable Corrosion Protec. 
tion Practices in the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths. Publication 54-3. Per Copy $4.00. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report of Technical Unit 
Committee T-4B on Corrosion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 
57-1. Per Copy $2.50. 


T-4B A Concentrator for Coordinated 

Corrosion Testing—A Contribution 
to the Work of NACE Tech. Unit Commit- 
tee T-4B on Corrosion of Cable Sheaths, 
by Oliver Henderson and Louis Horbath. 
Pub. 57-26. Per Copy $1.50. 


T-4B Corrosion of Lead Sheath in Man- 
hole Water—A_ Contribution to 
the Work of NACE Tech. Unit Committee 
T-4B on Corrosion of Cable Sheaths. Pub. 
58-6. Per Copy $1.50 
TP-19 Corrosive Effects of Deicing Salts— 
Progress Report by Technical 
Practices Committee 19. Corrosion, January, 


1954, issue. Per Copy $1.50. 
T-4F-1 Progress Report of Task Group 

T-4F-1 on Water Meter Corrosion. 
Per Copy $1.50. 
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3.8.4 

On the Parabolic-Rate Law. W. B. 
Jepson. J. Electrochem. Soc., 107, No. 1, 
53-55 (1960). 

Jepson calculates the parabolic-rate 
constant, kp, in terms of the defect con- 
centration at one interface by introduc- 
ing AG, the free-energy change/mole, 
for the oxidation reaction. kp is shown 
to be pressure-dependent and to have 
an exponential dependence of AG. 12 
references.— MA. 20812 


3.8.3, 3:2.2;,6.2.5, 43.2 

The Influence of Anodic Polarization 
on the Intergranular Corrosion of Chro- 
mium-Nickel Stainless Steels. (In Rus- 
sian.) N. D. Tomashov, G. P. Chernova 
and ©. N. Markova. J. Applied Chem. 
(Zhur. Priklad. Khim.), 33, 1324-1334 
(1960) June. 

On the basis of previous findings 
which established that the corrosion re- 
sistance of stainless steels is increased 
several thousand fold by anodic polar- 
ization, a high C (0.15 to 0.25%), Ti-free 
Cr-Ni steel was used for further study 
of the effectiveness of anodic polariza- 
tion against attack by a boiling solution 
containing 160g CuSO,*5H.O + 100 ml 
H.SO,+ 1 liter HO. Specimens were 
tempered at 1050 C and annealed at 650 
C or tempered only. Potential measure- 
ments were used for establishing the 
passivity regions on the basis of the 
expression Kr/K, >1 indicating the 
intergranular nature of the corrosive at- 
tack, where Kr refers to the experi- 
mentally determined resistance change 
and Kg to the resistance change calcu- 
lated from the weight loss. It was estab- 
lished that from 0 to +0.3 v_ strong 
intergranular attack takes place because 
the grain boundaries are not yet passi- 
vated, while at potential values ranging 
from +-0.51 to +0.83 v the intergranular 
attack is inhibited, as the steel is com- 
pletely passivated, allowing only a slight 
general corrosion. The extent of the 
passive state of the annealed specimens 
as compared with the tempered ones 
was found to be considerably restricted. 
On increasing the aggressive nature of 
the attacking medium, the passive, cor- 
rosion-resistant region of the annealed 
steel is reduced to a greater extent than 
that of the tempered one. The same rela- 
tive behavior exists also in the trans- 
passivation zone. Anodic polarization 
was found effective in protecting the 
steel against attack by 10% nitric acid 
solutions containing up to 2% NaF.— 


NSA. 21058 


3.8.3, 6.2.5 

Relation of Electron Configuration to 
Passivity in Cr-Ni-Fe Alloys. H. G. 
Feller and H. H. Uhlig. Massachusetts 
Inst. of Technology. J. Electrochem. 
Soc., 107, No. 11, 864-868 (1960) Nov. 

Critical current densities for passivity 
were measured for single phase Cr-Ni- 
Fe alloys as a function of Cr content 
for 20%, 40%, 50% and 60% Ni com- 
positions. Major discontinuities in slope 
approximate the ratio 12/88 for Cr to 
Fe in the 20 and 40% Ni alloy series, and 
14/86 for Cr to Ni in the 50 and 60% Ni 
alloy series. These ratios correspond to 
observed critical compositions for pas- 
sivity in the Cr-Fe and Cr-Ni_ binary 
systems. Additional discontinuities occur 
at the critical binary Cr to Fe ratio in 
the 50 and 60% Ni series. This behavior 
is interpreted in terms of separate elec- 
tron interaction in the ternary system 
between Cr and Fe distinct from inter- 
action between Cr and Ni. Flade or ac- 
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tivation potentials become more active 
with increasing Cr content, correspond- 
ing to increased stability of passivity. In 
accord with greater stability, average 
time for breakdown of passivity in- 
creased exponentially with Cr content. 

21325 


3.8.2, 6.3.21 

Electrochemical Behavior of Anti- 
mony: Equilibrium Potential/pH Dia- 
gram for the System Antimony-Water 
at 25 C. (In French.) A. L. Pitman, M. 
Pourbaix and N. de Zoubov. Proc. 9th 
Meeting Internat. Cttee. Electrochem. 
Thermodynamics and Kinetics (Paris, 
1957), 1959, 32-46. 

The diagram is constructed from the 
data for SbO*, SbO., Sb(OH).«, SbO,*, 
Sb(OH)¢, HSbO,, Sb:Os, Sb2Os, Sb2Os 
and SbHs. It is deduced that the po- 
tential/pH conditions for anodic and 
cathodic corrosion of Sb are separated 
by a region where Sb is immune. The 
solubilities of the oxides preclude pas- 
sivation and cause Sb to be corroded by 
any solution containing an oxidizing 
agent. 29 references.—MA. 20873 


3.8.2, 8.10.2 

The Electrochemical Theory of Smelt- 
ing and Related Reactions. Technical 
Report No. 36. Xavier de Hemptinne, 
Henry Eyring and Taikyue Ree. Inst. 
for the Study of Rate Processes, Utah 
Univ. U. S. Atomic Energy Commis- 
sion Pubn., AECU-4504, Nov. 9, 1959, 
43 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

The potentials and electrical current 
flowing at an interface between two 
phases as a result of chemical reactions 
which promote selective ion migration 
are examined. Results from related 
fields are used as a basis of understand- 
ing. Included are discussions of multi- 
barrier diffusion, diffusion of charged 
particles in an electric field, migration 
of ions through a uniform membrane, 
and effects of voltage changes in dif- 
fusion rates. Processes in which the 
diffusion of ions is coupled with an 
irreversible chemical reaction such as 
desulfurization of iron, photographic 
development and corrosion—NSA. 


20589 





5. PREVENTIVE MEASURES 





5.3 Metallic Coatings 





5.3.4 
Electrophoresis—A New Coating 
Tool. R. A. Keeler and L. C. Termi- 
nello. Vitro Labs. Am. Machinist, 103, 
No. 10, 138-139 (1959) May 18. 
Phenomena of electrophoresis and 
electro-osmosis are employed for apply- 
ing Mo on steel, SiC bonded with Ni 
on mild steel, MoSi: on graphite, Ni-Cr 
on Mo, and MoSi:-Cu_ on _ stainless. 
Electrophoretic deposition is usually 
carried out in 4 or 5 separate steps, 
depending on materials to be deposited, 
including: preparation, deposition, re- 
duction (if necessary), isostatic press- 
ing, and sintering (bonding). Electro- 
osmotic impregnation differs from 
electrophoretic deposition in that 
impregnation of pores takes place, in- 
stead of deposition. Industrial applica- 
tions include coating of graphite with 
oxidation- and erosion resistant materi- 
als, high-temperature wear-resistant 
lubrication coatings such as B-nitride- 
Cu-Ni on stainless; coatings such as Cr 
on Inconel, Mo on Inconel, and Mo on 
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Croloy which exhibit unusual resistance 
to molten metals for pump lining appli- 
cations; and coatings of interest to nu- 
clear industry such as UO,-Ni (20-80%) 
on stainless, Ce oxide-Ni on steel, In- 
conel on mild steel, and Fe-Ni-Cr on 
Cu and steel. New processes are under 
development. Photomicrographs of 
coatings of Mo on Inconel and Ni-WC 
on steel—INCO. 21385 


5.3.4, 6.3.19 

Formation of Zinc Coatings and In- 
fluence of the Grade of Zinc. (In 
French.) A. Herz. Métallurgie, 91, No. 
10, 753-755 (1959) October. 

The author discusses the influence of 
impurities on the corrosion of zinc and 
examines the formation of galvanized 
coatings. The coating formed depends 
on the underlying metal, its surface 
preparation, the quality of the zinc and 
its temperature, the fluxing, the time 
of immersion and the speed of with- 
drawal. The article discusses the effects 
on the coating of impurities in the bath 
and mentions the crystallographic sys- 
tem and composition of the various 
layers which are produced. 2 tables.— 


ZDA. 21406 


5.3.4, 5.9.2, 2.2.2 

Atmospheric Corrosion-Resistance of 
Nickel-Plated Sheet Steel. E. Raub, F. 
Elser and G. Schmidt. Metalloberflache, 
13, No. 10, 330-336 (1959). 

Investigation designed to elucidate in- 
fluence of basis metal on corrosion re- 
sistance, using various techniques of 
electrolytic degreasing. Three series of 
tests were made on steel sheets: as- 
plated with 10-micron matt nickel from 
Watts bath without after treatment; 
after polishing; and with copper under- 
lay of 10 microns. Exposures were 
made in moderately industrial atmos- 
phere. For equal mean deposit thick- 
ness, nickel plating over copper under- 
lay gives better corrosion resistance 
than single layer of nickel. However, 
copper underlay was polished. Coatings 
incorporating copper underlay generally 
exhibit lower number of larger corro- 
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T-2 Statement on Minimum Require- 

ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on Pipe 
oa Publication No. 56-15. Per Copy 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 Per Copy. 
TP-3 First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 Per Copy. 
T-2B Final Report on Four Annual Anode 
Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Impressed 
Current. Publication 56-1. Per Copy $3.00. 


T-2B Use of High Silicon Cast Iron for 

Anodes. First Interim Report of 
Unit Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $1.75. 


T-2B-4 Second Interim Report on Use of 

High Silicon Cast Iron for Anodes 
by Task Group T-2B-4 Use of High Silicon Cast 
Iron for Anodes. Publication 59-16. Members 
$1.50; Non-members $2.00 Per Copy. 
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sion pits. In addition, there appears to 
be greater susceptibility to rust forma- 
tion at surface defects underneath de- 
posit. Open-hearth steel specimens have 
somewhat higher corrosion-resistance 
than bessemer steel specimens subjected 
to same pretreatment and nickel-plating 
cycle. Nickel-plated killed steel has 
lower corrosion resistance than rimmed 
steel. These differences are not pro- 
nounced and disappear on use of copper 
underlay. Different electrolytic degreas- 
ing treatments do not have great effect 
on corrosion resistance of nickel plated 
steel, provided degreasing and cleaning 
are complete. In silicon or aluminum- 
killed steel purely anodic degreasing as 
well as degreasing involving alternating 
cathodic and anodic treatment raise sus- 
ceptibility to filamentary corrosion and 
corrosion beneath deposit. Tables, pho- 
tos of specimens. 11 references —INCO. 

20055 





5.4 Non-Metallic Coatings 
and Paints 





5.4.5, 2.3.7 

Adhesion of (Paints) to Steel Panels. 
K. R. Esters. Farbe u. Lack, 65, No. 5, 
268-269 (1959). 

Fifty commercial products were 
tested both as air drying and stoving 
films on steel using Erickson and other 
mechanical techniques. One weakness 
of the coatings was in resistance to 
swelling by water. Red lead and zinc 
chrome increased corrosion resistance; 
TiO:, tale, slate powder and red iron 
oxide improved adhesion. The other 
pigments tested caused deterioration of 
water resistance or embrittlement of 
the film.—RPI. 20051 


5.4.5 

Problem of Painting Rusty Steel. J. 
E. O. Mayne. J. Applied Chem., 9, Pt. 
12, 673-680 (1959). 

Rust on steel speciments exposed in 
Cambridge always contains ferrous sul- 
fate, the amount of which is lowest in 
July and highest in Jan.-Feb. It is 





T-2B-4 Third Interim Report on Use of 

High Silicon Cast Iron for Anodes 
by Task Group T-2B-4 Use of High Silicon Cast 
Iron for Anodes. Publication 59-17. Members 
$1.50; Non-members $2.00 Per Copy. 


T-2B-4 Fourth interim Report on Use of 

High Silicon Cast Iron for Anodes. 
A Report of Technical Unit Committee T-2B, 
Prepared by NACE Task Group T-2B-4 on 
High Silicon Cast Iron Anodes. Publication 
60-3. Per Copy $1.50. 


T-2C Some Observations of Cathodic 

Protection Potential Criteria in 
Localized Pitting. A Report of T-2C on Minimum 
Current Repuirements for Cathodic Protection. 
Pub. 54-2. Per Copy $1.50. 


T-2C Some Observations on Cathodic 
Protection Criteria. A contribution 

to the work of NACE Technical Unit committee 

T-2C. Publication No. 57-15. Per Copy $2.00. 


T-2C Criteria for Adequate Cathodic 

Protection of Coated, Buried, Sub- 
merged Steel Pipelines and Similar Steel Struc- 
tures. A Report of NACE Technical Unit Com- 
mittee T-2C on Criteria for Cathodic Protection. 
Pub. 58-15. Per Copy $1.50. 


T-2D Methods for Measuring Leakage 
Conductance of Coating on Buried 
or Submerged Pipe Lines—A Report of Tech. 
Unit Committee T-2D on Standardization of Pro- 
cedures for Measuring Pipe Coating Leakage 
Conductance. Pub. 57-27. Per Copy $1.50. 


T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 


Coatings for Underground Use. A Report of Tech- 
nical Unit Committee T-2G on Coal Tar Coatings 
for Underground Use. Per Copy $1.50. 
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shown that rust catalyzes the oxidation 
of SO: in the air to SOs. Paint applied 
to rusty steel when the ferrous sulfate 
content is lowest has the best durability. 
A “limpet cell” is described for the de- 
termination of ferrous sulfate on struc- 
tures in situ. The implications to the 
practical painting of rusty structures 
are discussed.—RPI. 20048 


5.4.2 

Sprayed Ceramic Coatings. J. Alan 
Sheppard. Eng. Materials Design, 3, No. 
5, 288-290 (1960). 

Sprayed coatings of AkOs or ZrO, 
offer high thermal and abrasion resist- 
ance. Both can be applied through a 
Metco Thermospray gun, which re- 
quires no compressed air, since both O 
and C:H: both propel and melt the par- 
ticles. A deposit efficiency >95% makes 
for high spraying speeds at low cost. A 
l-mil coat of AlO; can be applied at 
150 ft?/h, and ZrO: at little less than 
half this speed. The base metal should 
be pre-blasted —MA. 21005 


5.4.2, 6.6.4, 3.5.9, 5.3.2 

Electrokinetic Processes—Nuclear 
Aspects. Quarterly Progress Rept. for 
Feb. 1—Apr. 30, 1957. Vitro Job 2091. 
A. C. Werner and H. Katz. Vitro Labs. 
U. S. Atomic Energy Commission Pubn., 
KLX-10077, May 15, 1957 (Declassified 
June 10, 1960), 9 pp. Available from Of- 
fice of Technical Services, Washington, 
Dec: 

A number of coatings was investi- 
gated for protection of graphite against 
high-temperature oxidation and erosion. 
Well-sintered, well-bonded silicon car- 
bide coatings were obtained by deposit- 
ing elemental silicon on graphite, densi- 
fying, and sintering in CO at 1300 to 
1400 C. However, the coatings were not 
perfect since complete protection was 
not offered against oxidation. A 75-15- 
10 nickel-chromium-silicon alloy sin- 
tered at 1100, 1200, and 1300 C wet 
graphite very well, whereas coatings 





with high metallic luster were obtained 
at the higher temperatures. Fercral, alu- 
mina, and chromium-silicton-iron-alumi- 
num alloys were deposited electropho- 
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T-2H Tentative Recommended Specifica- 

tions for Asphalt-Type Protective 
Coatings for Underground Pipelines (Minimum 
Recommended Protection). A Report of NACE 
Technical Unit Committee T-2H on Asphalt Type 
Pipe Coatings. Pub. 58-12. Per Copy $1.50. 
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retically on graphite. Although excellent 
green coatings were obtained, sintered 
coatings were poor. The fecral coatings 
did not wet the surface, and the alumina 
coatings were brittle and non adherent 
indicating that a higher temperature 
was necessary. (auth)—NSA. 21231 


5.4.2, 6.4.2 

Enamels for Aluminium Based on the 
Lead Phosphate-silicate System. (In 
Russian.) M. A. Bezborodov, FE. E. 
Mazo and V. S. Kaminskaya. Glass & 
Ceramics, Moscow, 17, No. 1, 35 (1960). 

In the system K:0-PbO-AI1,O03-P:Os;- 
SiO. glasses were obtained on the basis 
of which low-melting enamels can be 
made. The chemical stability of these 
glasses is ensured by introducing Al.Os. 
To improve adherence B.O; 6-8% is in- 
troduced. Recipes are given. Enamel 
264 is white (MoO; 2% is added to the 
mill). Enamel No. 257 is used with vari- 
ous colors to give red, orange, pink, lilac, 
blue, green, etc. To prevent the reduction 
of lead during the firing of colored enam- 
els, Ba(NOsz)2 0.25-0.5% is introduced. 
The enamels mature at 540-580 C. They 
are stable in 4% acetic acid and their ther- 
mal expansion lies between 152 and 
177 X 10-7.—LMB. 20459 


5.4.5, 5.9.4 

Phosphorus Derivatives in the Modern 
Paint and Varnish Industry. (In 
French.) R. Dumon. Peintures, Pig- 
ments, Vernis, 35, No. 1, 4-7 (1959). 

Some of the uses mentioned are: use 
of phosphoric acid and phosphates for 
the preparation of metal surfaces; wash 
primers based on chromium phosphate 
or organic derivatives of phosphoric acid 
(e. g., butyl phosphoric acid) for im- 
proving adhesion; alkali salts of phos- 
phoric acids for pigment dispersion and 
to stabilize emulsions; organophos- 
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phorus compounds (e. g., tricresyl 
phosphate) as solvents, plasticizers and 
antifoaming agents, for improvement of 
flame resistance, and as polymerization 
catalysts in varnish making.—RPI. 


19087 


5.4.5 

Paint Versus Corrosion. K. C. Duffy. 
Australian Corrosion Eng., 3, No. 3, 
25-29 (1959) March. 

Theory of corrosion by destruction of 
the paint film is outlined. In the section 
dealing with corrosion prevention, men- 
tion is made of ‘zinc-rich paints’ and 
zinc chromate pigments.—ZDA. 19080 


5.4.5, 5.9.4 

Protective Coatings for Steel Drums. 
Association of British Chemical Manu- 
facturers, Packaging Committee Rept. 
Paint, Oil & Col. J., 135, No. 3156, 
779-780 (1959). See also: Paintindia, 9, 
No. 2, 27-28 (1959). 

Opinions expressed in the report sug- 
gest that a phosphate coating in itself 
does not retard corrosion but provides a 
sound basis for the application of a pro- 
tective film. The use of lacquer coat- 
ings is also discussed; although 
polyurethane and epoxy lacquers pro- 
vide extreme chemical resistance and 
flexibility, a two-lacquer system is 
favored, the first coat having high adhe- 
sion and flexibility and the second coat 
high chemical resistance—RPI. 19017 


5.4.5, 6.3.19, 8.9.1 

Paints and Lacquers. Questions and 
Answers. (In Serbo-Croat.) I. Vuckovic. 
Zastita Materijala (Protection of Ma- 
terial), 7, No. 5, 241-243 (1959). 

Author answers in some detail the 
following questions: (1) why zinc, zinc 
alloys and galvanized iron surfaces are 
difficult to paint and why zinc surfaces 
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corrode; (2) what kind of specific fail- 
ures occur in the lacquering of aero- 
planes; (3) what kind of failures of 
media lead to flaking and the appearance 
of rust—RPI, 18584 


5.4.5 

Anti-Corrosion Behavior of Zinc- 
Rich Paints. (In German.) Hans Sagel. 
Werkstoffe u. Korrosion, 10, No. 2, 
66-70 (1959) Feb. 

Decrease in corrosion of structural 
stee! and sheet exposed to atmospheric 
conditions is achieved by painting the 
surfaces with zinc-rich paints composed 
of zinc dust (60% metallic zinc), 
polystyrol and solvents. 16 references.— 
RML. 18640 





6. MATERIALS OF 
CONSTRUCTION 





6.3 Non-Ferrous Metals 
and Alloys—Heavy 





6.3.15, 3.8.3, 3.7.2, 3.5.9, 3.4.4 

Increasing the Stability of the Pas- 
sive State in Titanium. (In German.) 
N. D. Tomashov, G. P. Tshchernova 
and R. M. Altowski. Z. Phys. Chem. 
(Leipzig), 214, No. 5/6, 312-323 (1960). 
The behaviour of titanium and its alloys 
with 1% and 2% of platinum and pal- 
ladium on cathodic and anodic polari- 
zation in H.SO, and HCl solutions was 
studied by potentiostatic methods. It 
was shown that the complete passiva- 
tion of titanium is made more difficult 
by increasing the temperature and con- 
centration of the acid solution. The 
alloys of titanium with platinum and 
palladium have a substantially higher 
corrosion stability than titanium. Ti- 
tanium may be protected anodically in 
H.SO, and HCl of all concentrations 
and may be passivated by cathodic de- 
polarizers such as ions of Pt*t, Cu** and 
Fe* in the corrosive medium.—PMR. 


21059 


6.3.6, 3.7.4, 2.3.6, 5.9.4 

Stacking Fauiis and the Failure of 
Alloys in Corrosive Medio. P. R. Swann 
and J. Nutting. J. Inst. Metals, 88, No. 
11, 478-480 (1960) July. 

Electron-optical examination of thin 
foils of copper-zinc and copper-alumi- 
num alloys has shown that during elec- 
tropolishing preferential attack may 
occur along stacking faults, while in 
copper-germanium and copper-silicon 
alloys the matrix is preferentially at- 
tacked. The revelance of these observa- 
tions to the formation of cracks in 
corrosive media is discussed. 7 figures, 
8 references.—ZDA. 21050 







6.3.10, 8.4.5 

Corrosion of INOR-8 and _ Inconel 
Dissolver Components of the Fluoride- 
Volatility Process. F. W. Fink. Battelle 
Memorial Inst. U. S. Atomic Energy 
Commission Pubn., AECU-4633, De- 
cember 30, 1959, 50 pp. Available from 
Office of Technical Services, Washing- 
ton, “D.C: 

The corrosion of INOR-8 and Inconel 
dissolver components used in the fluo- 
ride volatility process for the dissolution 
of zirconium with anhydrous HF in 
molten salts was investigated. Ten dis- 
solution runs were made using simu- 
lated subassemblies formed from Zir- 
caloy-2. The dissolver and components 
were made from INOR-8. Both the 
dissolver vessel and draft tube were 
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examined several times during the series 
of runs. The solids which formed at 
different areas in the system were also 
analyzed. The results showed that the 
corrosion of the INOR-8 dissolver was 
greatest at the salt-off gas interface and 
at the HF gas inlet. Almost all of the 
corrosion took place during run 10 
when no Zr was present. Portions of 
the dissolver were cleaned after run 10 
and sent to BMI for evaluation. The re- 
sults of the Battelle metallographic ex- 
aminations of the portions are included 
along with several photographs. The re- 
sults with Inconel tubes in the copper- 
lined hydrofluorinator confirmed the 
observations that the liquid gas interface 


areas were most susceptible to attack. 
—NSA. 20605 


6.3.15, 3.2.2, 3.5.9 


Low-Temperature Recovery of Duc- 
tility in a Hydrogen-Embrittled Alpha/ 
Beta-Titanium Alloy. F. R. Schwartz- 
berg, D. N. Williams and R. I. Jaffee. 
J. Inst. Metals, 88, No. 8, 352-356 
(1960). 


Tensile tests performed at various 
temperatures, strain rates, and hydro- 
gen levels allowed an activation energy 
to be calculated for the embrittlement 
process in H-containing Ti-Fe 2-Cr 
2-Mo 2% alloy. The activation energy 
based on the recovery of ductility at 
low temperature is similar to that for 
diffusion of H in unalloyed B-Ti. Thus, 
it was concluded that the recovery of 
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Corrosion in Oil and 
Gas Well Equipment 


T-1A Survey of Corrosion Control in Califor- 
nia ee Wells. A Report of T-1A 
on Corrosion in Oi 


Angeles Area. Pub. 54-7. Per Copy $1.50. 


he Flow Streams of Seven Condensate 
members, $10 per 
T-1B-1 
Status Report of NACE Task Group T-1B-1 on 


- Pressure Well Completion and Corrosion 
Mitigation Procedure. Pub. 59-6. Per Copy $1.50. 


PY. 


T-1C 


port of Technical 
Oil Well Corrosion. Per Copy, $1.50. 


Per Copy $1.50. 
T-1C 


Corrosion. Pub 57-23. Per Copy $1.50. 
T-1C 


Well Corrosion. Pub. 57-24, Per Copy $2.50. 
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58-4, Per Copy $1.50. 
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and Gas Well Equipment, Los 


TP-1 Report on Field Testing of 32 Alloys in 
tl 
Wells (Pub. peti | NACE members, $8; Non- 
0; 


Well Completion and Corrosion Con- 
trol of High Pressure Gas Wells—A 


Current Status of Corrosion Mitigation 
Knowledge on Sweet Oil Wells. Re- 
nit Committee T-1C on Sweet 


T-1C Field Practices for Controlling Water 

Dependent Sweet Oil Well Corrosion. 
A Report of Technical Unit Committee T-1C on 
Sweet Oil Well Corrosion, Compiled by Task 
Group T-1C-1 on Field Practices. Pub. No. 56-3. 


Status of Downhole Corrosion in the 
East Texas Field—A Report of NACE 
Tech. Unit Committee T-1C on Sweet Oil Well 


Water Dependent Sweet Oil Well Cor- 
rosion Laboratory Studies—Reports of 
NACE Tech Unit Committee T-1C on Sweet Oil 


Theoretical Aspects of Corrosion in 
Low Water Producing Sweet Oil Wells 
—A Status Report of NACE Tech. Unit Commit- 
tee T-1C Prepared by Task Group T-1C-4. Pub. 


CORROSION ABSTRACTS 


ductility is a rate-controlled process re- 
lated to the diffusion of H in the B 
phase of the two-phase alloy. (arth) 
—MA. 21048 


6.3.5, 6.3.9, 3.7.2, 5.3.2 


Development of Oxidation Resistance 
of Some Refractory Metals. G. L. Miller 
and F. G. Cox. Journal of the Less- 
Common Metals, 2, No. 2-4, 207-222 
(1960) April-August. 

Investigations into the protection of 
niobium and molybdenum from oxida- 
tion by alloying and by coating are 
described. Niobium Alloys. In a prelimi- 
nary part of the work, niobium binary 
alloys (including some with 1, 5 and 
20 at.% Co), were oxidation tested at 
1000 C. The results led to the selection 
of Ti, Al and Cr as addition elements 
for ternary alloys. Two ternary compo- 
sitions (in at.%) gave considerable 
promise: 60Nb-20AI-20Cr and 60Nb- 
20A1-20Ti. Further additions were made 
to these alloys, and cobalt was particu- 
larly beneficial, reducing the oxidation 
rate of the Nb-Al-Cr alloy from 2.95 
to 1.6 mg/cm?/h for the 60:17°5:17°5:5 
Nb-Al-Cr-Co alloy. However, since 
these alloys were brittle and had melt- 
ing points as low as 1400 C, develop- 
ment along these lines was abandoned. 

Efforts were then concentrated on 
alloys of Nb with refractory metals, 
and the test temperature was raised to 
1200 C. At this temperature, the most 
promising alloying elements were W 


T-1C Experience With Sweet Oil Well Tub- 

ing Coated Internally With Plastic— 
A Status Report of Unit Committee T-1C on 
sve Oil Well Corrosion. Pub. 58-8, Per Copy 
1.50. 


TP-1ID Sour Oil Well Corrosion. Corrosion, 
August, 1952, issue. $1.50 Per Copy. 
TP-1G Field Experience With Cracking of 


High Strength Steel in Sour Gas and 
Oil Wells. (Included %a Symposium on Sulfide 
Stress Corrosion.) (Pub. 52-3) NACE Members 


$3.50; Others $5.00 Per Copy. 
T-1G Sulfide Corrosion Cracking of Oi! Pro- 
duction Equipment. A Report of Tech- 
nical Unit Committee T-1G on Sulfide Stress 
Corrosion Cracking. Pub. 54-5. $1.75 Per Copy. 
T-1G Hydrogen Absorption, Embrittlement 
and Fracture of Steel. A Report on 
Sponsored Research on Hydrogen Sulfide Stress 
Corrosion Cracking carried on at Yale University, 
aed by NACE Technical Unit Committee 
T-1G on Sulfide Stress Corrosion Cracking by W. 


D. Robertson and Arnold E. Schuetz. Pub. 57-17. 
Per Copy $5.50. 


T-1J Status Report of NACE Technical Unit 
Committee T-1J on Oil Field Structural 
Plastics. Per Copy $1.50. 


T-1J Reports to Technical Unit Committee 

T-1J on Oilfield Structural Plastics. 
Part 1—Long-Term Creep of Pipe Extruded from 
Tenite Butyrate Plastics. Part 2, Structural Be- 
havior of Unplasticized Geon Pol iny! Chloride. 
Publication 55-7. Per Copy $2.75. 


T-1J Summary of Data on Use of Structural 

Plastic Products in Oil Production. A 
Status Report of NACE Technical Unit Commit- 
ss on Oilfield Structural Plastics. Per Copy 


T-13 Service Reports Given on Oil Field 
_, Plastic Pipe. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $1.75. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $1.75. 


T-1J Reports to Technical Unit Committee 
T-1J3 on Oil Field Structural Plastics. 
Part 1—The Long-Term Strengths of Reinforced 
Plastics Determined by Creep Strengths. Part 2— 
Microscopic Examination as a Test Method for 
Reinforced Plastic Pipe. Per Copy $1.50. 
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and Ti. The best results were obtained 
with a Nb-20W-20Ti alloy. The next 
step was to investigate the addition of 
5 at.% of other elements to the above 
base in substitution for part of the W 
and Ti. Fe, Ni and Co were particu- 
larly beneficial, reducing by one third 
the oxidation rate of the ternary alloy. 
Increasing the Co content to 16.7 at.% 
proved to be highly detrimental. Molyb- 
denum—Protection by Coating. Two 
coatings were investigated; a Ni-Cr-B 
alloy and an Al-Cr-Si alloy. The second 
affords protection against oxidation at 
1200 C for 150-200 hrs, and exhibits 
adequate resistance to thermal shock. 
Niobium—Protection by Coating. Many 
alloys, including some cobalt alloys, 
were tried without success.—CO. 

21061 


6.3.6, 3.2.2, 3.5.8, 4.3.1, 4.6.1 


Copper and Its Alloys, Classes and 
Types, Corrosion Characteristics and 
Applications. A. W. Tracy. pp. 83-97 
of Proceedings Short Course on Process 
Industry Corrosion. Book, 1960. Na- 
tional Association of Corrosion Engi- 
neers, 1061 M & M Building, Houston 
2, Texas. 

One of 22 papers presented during 
the short course at Ohio State Univer- 
sity, September 12-16, 1960. Corrosion 
characteristics of copper alloys are con- 
sidered. Effects discussed are dezincifi- 
cation, pitting, stress-corrosion crack- 
ing, fatigue and galvanic. Uses of the 





T-1J Status Report of NACE Technical Unit 

Committee T-1J on Oil Field Structural 
Plastics. Part 1—Laboratory Testing of Glass- 
Plastic Laminates. Part 2-—Service Experience of 
Glass Reinforced Plastic Tanks. Part 3—High 
Pressure Field Tests of Glass-Reinforced Plastic 
Pipe. Per Copy $1.50. 


T-1J Service Experience of Glass Reinforced 

Plastic Tanks—Status Report of NACE 
Technical Unit Committee T-1) on Oil Field 
Structural Plastics. Pub. 57-18. Per Copy $1.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A_ Report of 
NACE Technical Unit Committee T-1J on Oil 
a Structural Plastics. Pub. 57-19. Per Copy 






T-1K Proposed Standardized Laboratory Pro- 

cedure for Screening Corrosion Inhibi- 
tors for Oil and Gas Wells. A Report of T-1K on 
Inhibitors for Oil and Gas Wells. Publication 
55-2. Per Copy $1.50. 


T-1K-1 A Proposed Standardized Static Lab- 

oratory Screening Test for Materials to 

be Used as Inhibitors in Sour Oil and Gas Wells. 

A Report of NACE Technical Unit Committee 

T-1K on Inhibitors for Oil and Gas Wells, Pre- 

pases by Task Group T-1K-1 on Sour Crude In- 
i 
$1 





bitor Evaluation. Publication 60-2. Per Copy 


-50. 
T-1M Suggested Coating Specifications for 
5 Hot Application of Coal Tar Enamel for 
Marine Environment. A Report of NACE Tech- 
nical Unit Committee T-1M on Corrosion of Oil 
& Gas Well Producing Equipment in Offshore In- 
stallations. Publication No. 57-8. Per Copy $1.50. 
T-1M Suggested Painting Specifications for 
_ Marine Coatings. A Report of NACE 
Technical Unit Committee T-1M on Corrosion of 


Oil & Gas Well Producing Equipment in Offshore 
eaetetens. Publication No. 57-7. Per Copy 





Remittances must accompany all orders for litera- 
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if requested. Send orders to National Association 
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materials with the following substances 
are discussed: Acids, alkalis, ammonia, 
salt solutions, organic compounds, gases, 
fresh water, sea water, steam, food 
products and atmospheres. There are 
two tables and eight figures. 21078 


6.3.5, 3.7.2 

The Development of Oxidation-Re- 
sistant Niobium Alloys. (In English.) 
R. Smith. J. Less-Common Metals, 2, 
No. 2-4, 191-206 (1960) April-August. 

The mechanism of niobium oxidation 
is first reviewed. An account is then 
given of systematic investigations into 
the oxidation resistance of an extensive 
range of ternary and more complex 
alloys. The most promising base for 
the development of high-temperature 
high-strength alloys was found to be 
niobium alloys containing (in at.%) 
15-25 Ti and 6-10 W since their creep 
strength is of the same order as that 
of niobium and their oxidation resist- 
ance is by far superior. The effect of 
nickel and cobalt additions on the oxi- 
dation rates in air at 1000 and 1100 C 
was investigated. The optimum addition 
level was found to be 4 at.%, in both 
cases, the nickel being however the 
more beneficial element of the two; the 
Nb-20Ti-10W-4Ni alloy has an oxida- 
tion resistance 100 times that of pure 
niobium.—PI. 20187 


6.3.20, 3.2.2, 4.6.1, 3.8.4 

The Influence of Hydrogen on the 
Corrosion of Zirconium and Its Alloys 
in High Temperature Water. (In 
French.) J. N. Wanklyn. Atomic Energy 
Research Establishment, Harwell, 
Berks, England. pp. 127-135 of “3° Col- 
loque de Metallurgie sur la Corrosion 


High Purity Water 
Corrosion of Metals 


Seven papers presented at symposia at 
1959-60 NACE Conferences. 108 pages, 
8% x 11, plastic binding, typescript. Per 
copy, NACE members $7. Non-members, $9. 


On sales to Texas addresses, 
mid 2 tax. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 75e per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
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(Séche et Aqueuse). Organise a Saclay 
les 29-30 juin et 1°" juillet 1959.” Saclay, 
France, Centre d’Etudes Uucléaires and 
North Holland Publishing Co., Amster- 
dam, Holland, 1960. 


The influence of hydrogen on the 
corrosion of zirconium and its alloys 
was studied in two types of experi- 
ment; cathodic polarization during cor- 
rosion in water at 325 C and compari- 
son of the oxidation of zirconium at 
325 C in dry oxygen and in steam. 
Weight gain was used as the measure 
of corrosion, and also the protective 
character of the oxide films was esti- 
mated by measuring their capacities. 
Cathodic polarization was found to di- 
minish the protective character of the 
films on zirconium and some of_ its 
alloys; but other alloys, including Zir- 
caloy-2, were more resistant to polariza- 
tion. The percentages of the cathodic 
hydrogen which entered the various 
alloys were very different, but there 
was no relation between these values 
and the extent of damage to the oxide 
films. The protective elements in Zir- 
caloy-2 appear to act by stabilizing the 
oxide against the harmful effect of 
hydrogen, rather than by preventing the 
latter’s entry into the metal. It is shown 
that, in the oxidation of zirconium, the 
presence of hydrogen causes increased 
cracking of the oxide, films formed in 
steam being, at a given thickness, less 
protective than those formed in dry 
oxygen. It seems, that in the initial 
stage of oxidation hydrogen can _ in- 
crease the rate of ionic diffusion in the 
oxide; but this is not in agreement 
with the final rates of oxidation formed 
in the two gases. The present picture 
of the oxidation process is probably too 
simple; and the mechanical properties 
of oxide films on metals require further 
study. (auth)—NSA. 21226 


6.3.20 

Zirconium Highlights. Westinghouse 
Electric Corp. Bettis Atomic Power 
Lab. U. S. Atomic Energy Commission 
Pubn., WAPD-ZH-24, May, 1960, 22 pp. 
Available from Office of Technical 
Services, Washington, D. C. 

The effect of iron and O:2 variation on 
corrosion and hydrogen uptake behavior 
of Zircaloy-4 is being studied. Because 
nitrogen-rich inclusions were found in 
Zircaloy-2 cover plate stock, attempts 
were made to generate nitrogen-rich 
inclusions in Zircaloy fabricated prod- 
ucts. The corrosion behavior of Zirca- 
loy-2 with various levels of iron content 
was studied. An evaluation is presented 
of the powder produced from the elec- 
trolytic refining of Zircaloy machine 
scrap.—NSA. 21227 


6.3.6, 8.2.2, 6.3.10, 4.6.1 

Corrosion of Copper-Nickel Alloys 
for Feed Water Heaters. H. Urata, N. 
Kawashima and ©. Asai. Hitachi Re- 
view, Spec. Issue, 37, 80-86 (1960). 

Corrosion tests of copper-nickel alloys 
in water were carried out in the labora- 
tory and actual power-generating plant, 
to investigate the cause of corrosion of 
70/30 cupro-nickel in feed water heaters 
and at the same time clarify the rela- 
tionship between corrosion resistance 
and the ratio of Cu/Ni. Monel showed 
excellent corrosion resistance in all cor- 
rosion tests. In water containing slight 
oxygen, corrosion resistance of 70/30 
was better than that of 90/10. Under a 
condition of supplying oxygen periodi- 
cally, however, corrosion resistance of 
70/30 was most inferior as the protec- 
tive action of the film formed on 70/30 
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was little. As a result of this experi- 
ment 70/30 is unsuitable for Japanese 
power-generating plants at which start 
and stop takes place frequently, caus- 
ing more corrosion of 70/30. It is pref- 
erable to use Monel or 90/10 instead 
of 70/30 for that purpose—INCO. 

21181 


6.3.19, 4.3.6, 3.8.2 

Corrosion of Zinc in Sodium Chloride 
Solutions. J. Sedzimir and M. Gmytryk. 
In Polish: Archiwum Hutnictwa, 5, No. 
1, 117-135 (1960); In German: Werk- 
stoffe u. Korrosion, 11, No. 7, 410-416 
(1960) July. 

Corrosion tests have been carried out 
with 99.99% Zn in distilled water and 
in NaCl solutions with 30, 90 and 200 
gram of NaCl per litre at 25 C. The 
quantity of corroded metal was deter- 
mined polarographically after tests last- 
ting 20, 40, 80, 160 and 320 minutes. 
In addition, the O and CO: content of 
the different solutions was determined 
and the potential of the corroding Zn 
specimens was measured. The tests 
show that: The corrosion rate of Zn 
increases during the initial stage of the 
reaction, with the increase of the NaCl 
concentration in the solution; When 
the corrosion rate decreases the rela- 
tionship can be expressed by the follow- 


dk — 


ing equation: -Aet-? where B 
¢ 

ranges from 0 to 1; The potential of 

the corroding test specimen decreases 

as the NaCl concentration increases; 

The potential of the corroding test 

specimen also decreases with time. 

An examination of the test results on 
the strength of the Nernst-Tafel for- 
mula shows that the share of the H 
depolarization is very small within the 
corrosion range investigated. By means 
of hypothetical polarization curves, it 
was possible to explain the influence of 
the NaCl concentration on the corrosion 
rate. 

“The increase of the Zn-corrosion rate 
in solutions with decreasing oxygen 
concentration indicates that the micro- 
elements in the system investigated 
work at current values below the criti- 
cal oxygen current. 21017 


6.3.10, 8.4.3 

High-Nickel Alloys in the Petroleum 
Industry. G. L. Swales. Corrosion Tech- 
nology, 6, Nos. 3, 4, 81-84, 119-123 (1959) 
March, April. 

Part I of review of applications of 
high-nickel alloys in petroleum industry 
covers: applications of Monel for pro- 
tection of offshore drilling structures; 
use of K Monel for non-magnetic drill 
collars; use of Monel, S. Monel and K. 
Monel for valves, pumps, gas-lift equip- 
ment, sucker rods, etc. in extremely cor- 
rosive wells; use of Monel in distillation 
of crude oil, Monel-clad distiilation col- 
umns; resistance of Monel to acids; use 
of molybdenum bearing 18-8 and Inconel 
for equipment handling naphthenic acid- 
containing crudes; and use of Colmonoy 
6 hard-facing alloy to resist erosion by 
high-velocity catalyst streams. Part II 
deals with use of Monel, Inconel, Inco- 
loy, S. Monel, K. Monel, Nimonic DS, 
Ni-O-Nel, Corronel B, Langalloys, Has- 
telloys, Paralloy 20, Carpenter 20, Aloyco 
20, Durimet 20, nickel and various stain- 
less steels to combat specific corrosion 
problems in variety of refinery treating 
processes (hydrofluoric acid alkylation, 
sulfuric acid alkylation, acid treatment 
of distillates, isomerization, amine gas 
treatment, caustic treatment and furfural 
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treatment of lube oils). Consideration is 
given to requirements for high-tempera- 
ture furnace tubes with emphasis on In- 
conel, Incoloy and 25-20 chromium- 
nickel steels. ieuioe is made of sigma 
phase formation in some austenitic steels. 
—INCO 18563 


6.3.20, 4.7, 3.8.2 

Eqilibrium Potentials of Zirconium in 
Molten Fluoride-Chloride Mixtures. (In 
Russian.) M. V. Smirnov, V. E. Koma- 
rov and A. N. Baraboshkin. Inst. of 
Electrochemistry Ural Div., Academy 
of Sciences, USSR. Doklady Akad. 
Nauk S.S.S.R., 133, 409-412 (1960) July 
11. 

Equilibrium potentials of zirconium 
were measured at 700 to 950 C in an 
equimolar mixture of sodium chloride 
and potassium chloride with various 
admixtures of fluorine. The melts con- 
tained 0.17 to 1.05 wt.% zirconium and 
up to 15.82 wt.% fluorine with the mole- 
fraction ratios (F/Zr) from 9 to 75. The 
experiments showed that in addition to 
a zirconium potential dependence on its 
concentration, it depends even more on 
fluorine concentration. In mixed fluoride 
electrolytes with high fluorine satura- 
tion, 75 > (F)/(Zr) > 10, the mean zir- 
conium valency n and mean number of 
fluorine ions in complex m_ fluctuate 
within the limits 4>n>3 and 6>m 
> 4. In approximate calculations it is 
assumed that m= 5 and n= 3.2.—NSA. 

21016 


6.6 Non-Metallic Materials 


6.6.6, 8.4.5, 7.7 

Beryllium Oxide and Its Properties. 
(In Russian.) P. P. Budnikov and R. A. 
Belyaev. J. Applied Chem. (Zhur. Prik- 
lad. Khim), 33, 1921-1940 (1960) Sept. 

In view of its highly refractory char- 
acter, good nuclear properties, satis- 
factory thermal shock resistance, and 
excellent chemical resistance, which 
make it very useful as structural mate- 
rial in high temperature reactors, the 
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T-3A Some Corrosion Inhibitors—A Ref- 
erence List. A Report of T-3A on 
Sorreeien Inhibitors. Publication 55-3. Per Copy 


T-3B Bibliographies of Corrosion Prod- 

ucts. Section One—-A Report by 
NACE Technical Unit Committee T-3B on Corro- 
$5 Products. Publication No. 57-5. Per Copy 


'* 


T-3B Bibliographies of Corrosion Prod- 

ucts, Section Two—A Report of 
NACE Tech. Unit Committee T-3B on Corrosion 
Products. Pub. 57-21. Per Copy $1.50. 


T-3B Identification of Corrosion eee 
on Copper and Copper Alloys 

Report of NACE Tech. Unit Committee T- B ‘a 

Corrosion Products. Pub. 59-13. Per Copy $1.50. 


T-3B Bibliographies of Corrosion Prod- 

ucts. Section Three—A Report of 
NACE Technical Unit Committee T-3B on Cor- 
rosion Products. Publication 60-4. Per copy 


T-3B The Analysis and Composition of 

Aluminum Corrosion Products. A 
Report of NACE Technical Unit Committee T-3B 
on Corrosion Products. Publication 60-5. Per 
copy $1.75 


CORROSION ABSTRACTS 


available information on the _ physical 
and chemical properties of BeO is re- 
viewed. This material is also useful for 
the manufacture of electrical insulators 
and phosphors, and it serves as a raw 
material for the preparation of metallic 
beryllium and beryllium alloys. It forms 
hexagonal, Wurtzite type crystals. De- 
pending on the method of preparation, 
the density of the material ranges from 
2.20 to 2.95 g/cm*, although it was re- 
ported that by hot-pressing the density 
of 3.01 g/cm* was reached. The melting 
point is given in the recent literature 
within the range of 2520 to 2570 C and 
the boiling point data range from 3900 
to 4260 + 160 C. Data on the heats of 
fusion, evaporation, sublimation, forma- 
tion, and dissociation are reported. Also 
tabulated are enthalpy, temperature de- 
pendence of entropy, free energy of 
formation, coefficient of linear expan- 
sion, thermal shock resistance, breakage 
strength, modulus of elasticity as func- 
tion of bulk weight, temperature de- 
pendence of heat conductivity, creep 
data, specific resistivity, properties of 
irradiated specimens, and crystalline 
parameters. Among the chemical prop- 
erties reported are corrosive eee: 
interaction with HO, H.O., SO:, S, Br 

KF, fk €s, €OCk Cel, HE. HC .” on 
its behavior toward Pb, Mo, Ni, Nb, Ti, Zr, 
Be, Si, W, ThO:, ZrO:, UO:, and C at 
various temperatures. The phase dia- 
grams of BeO with SiO:, ThO:, Al:Os, 
UO., ZrO: are also discussed briefly. 
The toxicological properties of BeO are 
reviewed. 61 references —NSA 21298 


6.6.6, 6.3.10, 6.3.9, 3.5.3, 8.9.1 

High-Temperature Materials in Rela- 
tion to the Satellite Re-Entry Problem. 
P. Murray. (Symposium on) High- 
Altitude and Satellite Rockets, Cranfield, 
July, 1957, 1958, 82-88. 

Possible materials for withstanding 
the high-temperature erosive conditions 
encountered during re-entry into the 
atmosphere are considered, including 
oxides and related refractories, molyb- 
denum-0.45% titanium and Nimonic al- 


T-3C Amount of Annual Purchases of 
Corrosion Resistant Materials by 
Various Industries—A Report of NACE Tech. 
Unit Comm. T-3C on Annual — Due to Cor- 
rosion. Pub. 59-8. Per Copy $1.5 
T-3E Tentative Panes for Preparing 
Tonk Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Corro- 
9 eae of Railroad Tank Cars. Per Copy 


T-3F Symposium on Corrosion By High 
Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, by 
John F. Eckel; Corrosion of Structural Materials 
in High Purity Water, by A. H. Roebuck, C. R. 
Breden and S. Greenberg; Corrosion Engineering 
Problems in High Purity Water, by D. J. DePaul; 
The Importance of High Purity Water Data to 
Industrial Application, by W. Friend. A Sym- 
posium sponsored by NACE Technical Unit Com- 
mittee T-3F on Corrosion by High Purity Water. 
Per Copy $3.75. 
T-3F Symposium on Corrosion By High 
Purity Water. Five Contributions to 
the work of NACE Tech. — T-3F - 
High Purity Water. By A. Sugalski and S. 
Williams—Measurement of ‘tenatan Products ia 
High eg ee High Pressure Water Systems. 
By F. H. Krenz—Corrosion of Aluminum-Nickel 
Type “ta in High Sar — Serv- 
ice. By R. Lobsinger and J. Atwood—Cor- 
rosion of Deen in High Purity Water. By 
R. R. Diesk—The a of High Purity Water. 
By D. E. Voyles and C. Fiss—Water Condi- 
tions for High Pressure Boilers. Pub. 57-22. Per 
Copy $6.50. 
T-3F Symposium on Corrosion by High 
Purity Water. Four Contributions to 
the Work of NACE Tech. Unit Comm. T-3F on 
High Purity Water. Pub. 58-13. Per Copy $5.50. 
Corrosion Behavior of Zirconium-Uranium Al- 
loys in y ~ Temperature Water by W. E. Berry 
and R. ‘eoples. 


perature, High Purity Water Systems 
Axial Bed 
Wiliams. 


7 


loys, and flame-sprayed protective coat- 
ings. Use of massive insulation is also 
mentioned. It is considered necessary 
that the shell must be metallic—MA. 

19875 


6.6.6, 3.5.9, 8.4.5 

Evaluation of Oxidation-Resistant 
Ceramics for High-Temperature Reactor 
Elements. C. G. Harman, E. F. Ferrell, 
H. E. Wagner and J. F. Quirk. Battelle 
Memorial Inst. U. S. Atomic Energy 
Commission Pubn., BMI-787, December 
1, 1952 (Declassified December 15, 1959), 
39 pp. Available from Office of Techni- 
cal Services, Washington, D. C. 

Properties of 23 refractory oxidation- 
resistant ceramic compounds are tabu- 
lated. The thermal stresses and heat 
throughput capacities for nine of these 
compounds are estimated for conditions 
of steady heat flow and uniform heat 
generation at 1500 to 2500 F. The com- 
pounds studied have macroscopic ther- 
mal-neutron-absorption cross sections 
lower than 0.2 per centimeter. Data con- 
cerning the high-temperature stability 
of uranium compounds are tabulated for 
those with melting points above 2450 F. 
(auth)—NSA. 20104 


6.6.6, 4.3.2, 4.3.3 

Corrosion Resistance of Borides of 
Columbium, Tantalum and Tungsten. 
(In Ukrainian.) K. D. Modylevskaya 
and G. V. Samsonova. Ukrain. Khim. 
Zhur., Akademii Nauk Ukrain. (Ukrain- 
ian Chem. J.), 25, 55-61 (1959) Jan. 

Borides of niobium tantalum and 
tungsten have a high resistance to acid 
and caustic soda corrosion at room tem- 
perature. 6 references —RML., 18446 


6.6.6, 3.4.9, 8.4.5 

An Evaluation of the Beryllia-Water 
Vapor Reaction in an Open-Cycle Air- 
Cooled Reactor. R. L. McKisson. 
Atomic International Div., North Amer- 
ican Aviation, Inc. J. Nuclear Materials, 
1, 196-202 (1959) July. 

An expression describing the corro- 
sion rate of a beryllia surface in moist, 
flowing air has been developed and veri- 


Corrosion and Water Purity Control for the 


Army Package Power Reactor by R. J. Clark and 
A. Louis Medin. 


Removal of Corrosion Products from Hi ae 
an 
ilter by R. E. Larson and S. L. 


Some Relations Between Deposition and Corro- 


sion Contamination in Low Make-Up Systems for 
Steam Power Plants by E. S. Johnson and H. 


Kehmna. 

T-3G-1 Cathodic Protection of Hulls and 
Related Parts. A Report of NACE 

Task Group T-3G-1 on Cathodic Protection of 

Hull Bottoms of Ships. Publication 60-7. Per 


copy $1.50. 

T-3G-3 Cathodic Protection of Process 
Equipment—A Report Prepared by 

NACE Task Group T-3G-3 on Cathodic Protec- 

sone Process Equipment. Pub. 59-9. Per Copy 


T-3H Some Consideration in the Eco- 

nomics of Tanker Corrosion. A con- 
tribution to the work of Technical Committee 
T-3H on Tanker Corrosion by C. P. Dillon. Per 
Copy $1.50 


Remittances must accompany all orders for litera- 
ture the aggregate cost of which is less than $5. 
Orders of value greater than $5 will be invoiced 
if requested. Send orders to Ss ——— 
of Corrosion Engineers. 1061 & Bldg., 
Houston, Texas. Add 75c per nha to ie prices 
given above for Book Post Registry to all ie 
outside the United States, Canada and Mexico. 
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fied by experiment. The data support 
the hypothesis that the rate-controlling 
step in the corrosion process is the dif- 
fusion of the gaseous beryllium hydrox- 
ide product through the laminar bound- 
ary layer at the beryllia surface. The 
analysis, when used to predict the cor- 
rosion rates expected in the operation of 
an open-cycle, air-cooled, beryllia mod- 
erated power reactor, indicates that the 
corrosion reaction will not limit the 
feasibility of operation at beryllia sur- 
face temperatures below 860 C. (auth) 

NSA 20383 


7. EQUIPMENT 


7.4 Heat Exchangers 


7.4.1, 4.7 

Liquid-Metal Heat Exchangers. R. A. 
Tidball. Griscom-Russell Co. Power, 104, 
No. 2, 82-85 (1960) Feb. 

Design criteria for liquid-metal heat 
exchangers at ultra-high temperatures. 
Article deals with Na and Nak, infor- 
mation being abstracted from “Liquid 
Metals Handbook” published by Atomic 
Energy Commission and Navy Depart- 
ment. Important properties of heat- 
transfer fluids include melting point, spe- 
cific heat, viscosity, density, thermal 
conductivity, and corrosion tendency. 
Corrosion of materials by Na and NaK 
depends on impurities such as Oz, C, He, 
Ca and N; that liquid metals may con- 
tain. O2 is most important impurity. 
Materials suitable for liquid-metal ex- 
changers include C steel, Cr-Fe alloys, 
Cr-Fe-Mo alloys, austenitic stainless steels, 
Ni and high-Ni alloys and super-alloys 


% 


CONTROL OF 
PIPELINE CORROSION 


This 61-page, 6 by 9-inch booklet is now in 
its fourth printing. Written by O. C. Mudd, 
formerly chief corrosion engineer for Shell 
Pipe Line Corp., it contains much of the 
basic information and common sense instruc- 
tion needed to plan and execute cathodic 
protection systems on underground plant. 


On sales to Texas addresses, 
add 2% tax. 


Per Copy, postpaid 
5 or more copies, each 


Remittances must accompany all orders for lt- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1961 Vi & M 
Bidg., Houston, Texas. Add 75c per package to 
the prices given above for Book Post Kegistry to 
all addresses outside the United States, Canada 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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over various temperature ranges. Factors 
in construction-materials selection in- 
clude resistance to thermal shock, creep 
and rupttire properties, corrodability, 
availability of shapes, and fabricating 
difficulty. Preheating of heat exchangers, 
maintenance, prevention of leakage, fab- 
rication techniques, and inspection are 
considered. Graphs, diagram of reactor 
system using two fluid loops with an 


intermediate heat exchanger.—INCO. 
20183 


7.4.1, 6.2.5, 6.2.3, 3.2.2, 8.4.5 


Loop Testing of Stainless Steel and 
Bimetallic Model Heat Exchangers. 
ERDL-Task 1, Phase 1. Martin Co. 
July, 1959, 92 pp. Contract DA-44-009- 
ENG-3043. Martin Co. Nuclear Div., 
Baltimore, Maryland. 


Two sets of model configuration heat 
exchangers were dynamically tested with 
selected secondary water conditions in 
a high pressure water loop. Each set of 
the test units consisted of a steam gen- 
erator and a superheater. One set was 
fabricated entirely of stainless steel, the 
other set was of bimetal construction 
with a stainless steel primary, and a low 
carbon steel secondary. A bimetal minia- 
ture heat exchanger, fabricated with the 
same configuration as the full-size mod- 
els, was subjected to a static corrosion 
test in a loop bypass test section. The 
low carbon steel secondary water sys- 
tems of the bimetal steam generator and 
superheater suffered considerable gen- 
eral corrosion and pitting. Severe crack- 
ing of the tube sheet and shell and the 
shell adjacent to the tube sheet caused 
the failure of the type 304 stainless steel 
superheater. Cracking was not found in 
the secondary side of any of the other 
four test vessels. Cracking resulting from 
fabrication of the tubing were found on 


the primary side of the miniature unit.— 
NSA. 19829 


7.5 Containers 


7.5.2, 54.5 


Overcoming Can Corrosion in Water 
Emulsion Paints. L. FE. Kneeland and 
C. S. Stephens. Am. Paint J., 44, No. 2, 
21-40 (1959). 

Cans are manufactured from electro- 
lytic or hot-dipped tin plate or occasion- 
ally from terne plate. They may be sub- 
sequently coated with phenolic or epoxy 
resin coatings or combined epoxy/phenolic 
systems. The particular problems asso- 
ciated with styrene/butadiene, acrylic 
and polyvinyl acetate latex paints, the 
first two named being alkaline and the 
last acid, are considered, and the most 
satisfactory systems are indicated—RPI. 

19791 


7.5.1, 6.4.2, 8.3.5, 5.4.2, 5.4.5 


Aluminum Containers. J. Jackson. 
American Can Company. Paper before 
Chemical Specialties Mfgs. Assoc., 46th 
Annual Mtg., Washington, D. C., Dec. 
9, 1959. Soap and Chemical Specialties, 
36, No. 3, 119-120, 123, 195-196 (1960) 
March. 

Advantages and disadvantages of ex- 
truded aluminum aerosol containers are 
listed. One problem is fact that alumi- 
num is less corrosion resistant than 
tinplate for most products, and thus re- 
quires high quality protective coatings. 
Although proper formulation of product 
and propellant mixture may minimize 
corrosion attack on aluminum, there are 
relatively few products that can be packed 
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successfully in an aluminum container, 
interior walls of which are not coated. 
Studies showing effect of composition 
of aluminum alloy on its corrosion re- 
sistance are discussed. Graphs show ef- 
fect of magnesium content on corrosion 
of enameled aluminum cans by tomato 
juice and pears, and effect of magnesium 
content on corrosion of plain and enam- 
eled aluminum cans by asparagus. Ano- 
dizing treatment substantially increases 
corrosion resistance of aluminum but 
cost is high. Some form of chemical 
treatment before application of coating 
is favored by a number of workers, but 
studies made in Canco Lab. have indi- 
cated that properly formulated enamels 
will perform satisfactorily on cleaned 
aluminum surfaces without elaborate 
chemical treatments. Epoxy and phenolic 
resin types of enamels and vinyl top 
coats have shown merit. Other related 
types of polymers are under study. 
Sketches of impact extrusion process. 
6 references.—INCO. 20056 


7.6 Unit Process Equipment 


7.6.6, 8.5.3, 6.2.3 ' 

Digester Corrosion Experience at 
Union Bag Camp Paper Corp. H. B. 
Harris and L. H. Park. Tappi, 43, 
226A-228A (1960) May. 

Corrosion resistance and corrosion 
rates of sulfate digesters made from 
ASME Sl, A 70, A 285 and A 212 
carbon steel. Corrosion rates of A 212 
steel digesters clad with Inconel, with 
316 columbium stabilized steel and with 
carbon brick lining. Control of local 
area corrosion with applications of 310 
stainless steel welded overlay. Method 
of operation of the digesters to produce 


kraft pulp—RML. 20651 


7.6.5, 4.3.2, 1.3, 5.4.2, 5.3.2 


Taming Phosphoric Acid Evapo- 
ators. R. C. Bennett. Swenson Evapo- 
rator Co. Chem. Processing, 23, No. 7, 
123-125 (1960) July. 

Reviews latest advances. Basic vessel 
construction is now either Pb-lined or 
rubber-lined if operation is within 160- 
180 F. Pb-lined fabrication is required 
for higher temperatures. Agitator- 
equipped tank mounted below evapo- 
rator removes precipitated impurities 
from recirculating liquor, minimizing 
scale and salt deposition inside evapo- 
rator components. Evaporators can con- 
centrate H;PO, continuously for 60-70 
hours. Other details are described.— 
INCO. 21130 


7.6.4, 4.7, 3.5.2, 4.2.3 


Corrosion of Superheaters and Re- 
heaters of Pulverized-Coal-Fired 
Boilers. W. Nelson and C. Cain, Jr. 
Paper before Am. Soc. Mech. Engrs., 
Annual Meeting, Atlantic City, Nov. 29- 
Dec. 4, 1959. J. Eng. for Power (Trans. 
Am. Soc. Mech. Engrs.), 82, Series A, 
No. 3, 194-201; disc., 201-204 (1960) July. 

Laboratory work shows that molten 
complex Fe and/or Al alkali sulfates 
formed in fireside deposits of boilers 
having steam temperatures above about 
950 F are responsible for corrosion of 
superheater and reheater tubes of steels 
T22 (2% Cr-1 Mo) and Type 321. Cor- 
rosion is a chemical reaction in which 
tube metal reacts with molten sulfates to 
give Fe oxide and sulfide. Since it starts 
at temperatures below oxidation (scal- 
ing) temperature limit for alloys used in 
these sections of a_ boiler, gas-phase 
scaling-temperature limits cannot be 
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used to judge suitability of a given al- 
loy for service in an area subject to 
liquid-phase corrosion by complex sul- 
fates of an ash deposit. Studies to find 
more corrosion-resistant alloys or less 
corrosion-producing coals seem promis- 
ing fields for future effort. However, no 
practical alloy has yet been found which 
offers consistently better resistance than 
Type 321 in this service. Shielding lead 
tubes in deposit-forming area of finish- 
ing reheater and superheater where 
skin-metal temperatures are 950-1300 F 
is best practical means to date for pre- 
venting accelerated liquid-phase corro- 
sion. Type 304 is satisfactory for this 
application. Illustrations, 5 references. 
—INCO. 21468 


7.6.4, 4.2.3, 3.5.9 
Some Results of the Investigation of 
the Corrosion of Air Preheaters in a 
Flue Gas Medium. (In Russian.) Iu. G. 
Dashkiev. Izvestiia Vysshikh Uche- 
bnykh Zavedenii, Engergetika, No. 4, 
91-99 (1960) April. : 
The region of maximum corrosion 
damage in air preheater pipes during 
layer combustion of anthracite AM is 
observed in the case of a surface tem- 
perature lower than the dew point at 
35-45 C. The zone of low corrosion 
speed in the region of temperature 
lower than the dew point is small (at 
K = 0.2 min/yr—it extends within the 
range of temperature t (H20 + 30 C 
+ 85 C) and its position varies—BTR. 
20586 





8. INDUSTRIES 





8.10 Group 10 





8.10.2, 6.3.17, 8.4.5, 4.3.2 

Corrosion Problems in Processing Nu- 
clear Fuels. W. G. O’Driscoll and T. E. 
Evans. Ind. Chemist, 34, No. 405, 585- 
588 (1958). 

Extraction and purification of uranium 
is carried out in plant of conventional 
design: in the solvent-extraction process 
the stainless-steel plant is subject to 
very little corrosion; in the dryway proc- 
ess, involving treatment of uranium di- 
oxide with hydrofluoric acid, corrosion 
is prevented by use of platinum linings 
where exhaust gases condense. Spent 
fuel elements are stored in cooling ponds 
to allow decay; corrosion of the magne- 
sium casing is prevented by keeping the 
water at pH 11. Dissolution of fuel ele- 
menis in nitric acid before separation 
of plutonium is carried out in a special 
stainless-steel container. The effect of 
various redox systems on corrosion and 


future problems are considered.—MA. 
18173 


8.10.2, 6.2.3, 6.2.5, 3.2.2, 4.3.2 

Corrosion of Mild Steel and Stainless 
Steel Type 316L in Concentrated Sul- 
fate-Carbonate-Bicarbonate-Chloride So- 
lutions Approaching Those Used in 
Grinding and Leaching Uranium Ore. 
I. I. Tingley and R. R. Rogers. Trans. 
Can. Inst. Mining & Met., 63, 16-21 
(1960). Can. Mining & Met. Bull., 53, 
No. 573, 18-23 (1960) Jan. 

Panels of mild SAE 1025 steel (0.22- 
0.28 C), and of Type 316L were used 
in laboratory investigation. Some panels 
were partially immersed and others to- 
tally immersed latter being vertical in 
some cases and horizontal in others. 
Other panels were L-shaped, with ver- 
tical part partially immersed. Results of 
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tests on mild steel panels are considered 
in detail. No corrosion of stainless steel 
occurred under any experimental condi- 
tions. Mechanism by which severe pit- 
ting corrosion took place at plant is 
described. Experiments show that pit- 
ting corrosion of this particular type 
may be prevented by: using a suffi- 
ciently low sulfate content in solution, 
using a sufficiently high pH in solution, 
preventing formation of solid deposits 
on metal surface, preventing formation 
of oxygen concentration cells by elimi- 
nating aeration of solution or by other 
means, and using Type 316L instead of 
ordinary mild steel. Numerous tables, 
photos of specimens.—INCO. 19951 


8.10.3, 7.2, 5.4.5, 6.6.11 

Pipeline Transportation of Concen- 
trates. D. A. Fraser. Inco of Canada. 
i Congr. J., 46, No. 3, 44-48 (1960) 

ar. 

Erection of system for pumping 1800 
tpd of Cu-Ni sulfide concentrates 7% 
miles (from Inco’s Creighton mill to 
Copper Cliff concentrator) was result of 
elaborate test work to determine correct 
pipe size, pumping station spacing and 
power requirements. Eight-in. wood 
stave pipe was size required for installa- 
tion. On pipeline trestle are two 13-in. 
tailing pipes and two 8-in. concentrate 
pipes (second pipe in each case is a 
standby). There is also a 6-in. wood 
stave line for water supply. Three sizes 
of pipes are of wire wound, wood stave 
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construction with banded couplings. Fin- 
ished pipes are asphalt coated to pre- 
vent corrosion of wire winding and to 
further protect wood. Pumping system 
and its operation are ee 


8.10.2, 6.3.19 

Production of Zinc and Zinc-Lead 
Alloy Strip by Powder-Metallurgy 
Methods. H. Weik, G. Ogiermann and 
R. Ergang. Metall, 13, No. 5, 398-404 
(1959). 

Experiments on Zn-Pb powder mix- 
tures containing 0-10% Pb showed that 
blocks suitable for rolling can be 
pressed at 200 C. Using rolls up to 400 
mm in diameter, powder mixtures can 
be rolled directly into ~ 1.3 mm thick 
strip of satisfactory properties without 
sintering. Elevated powder temperature 
and finer grading improve properties, 
provided that no noticeable oxidation is 
induced. Properties are improved on 
subsequent rolling and reach those of 
cast and rolled alloys except for the low 
(1-19%) elongation. Small Pb content 
was beneficial, probably because it low- 
ered porosity, but impaired mechanical 
properties in higher (> 1%) concentra- 
tion. Surprisingly, the corrosion -resis- 
tance of sintered material containing 
1-5% Pb was better than that of ma- 
terials produced from the melt, but it 
was poor with lower or higher Pb con- 
tents. 22 references, 10 figures, 11 illus- 
trations.—MA. 20320 
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PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 
On sales to Texas addresses, add 2% tax. 


T-6A Application Techniques, Physical Char- 

_ . acteristics and Corrosion Resistance of 
Polzvinn’ Chior-Acetates. A Report of Unit Com- 
mittee T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
54-4. Per Copy $1.50. 


T-6A Report on Rigid Polyvinyl Chloride. A 
: Report of NACE Technical Unit Com- 
mittee T-6A on Organic Coatings and Linings 
for Resistance to Chemical Corrosion. Publication 
56-4, Per Copy $1.50. 
T-6A Report on Epoxy Resins. A Report of 
NACE Techalcal Unit Committee T-6A 
on Organic Coatings and Linings for Resistance 
to Chemical Corrosion. Publication 56-5. Per 
Copy $1.50. 
T-6A Report on Application Techniques, 
: Physical Properties and Chemical Re- 
sistance of Chlorinated Rubber Coatings. NACE 
Technical Unit Committee T-6A on Organic 
Coatings and Linings for Resistance to Chemical 
Corrosion. (Pub. 56-6.) Per Copy, $1.50. 
T-6A Vinylidene Chloride Resins. A Report of 
Unit Committee T-6A Prepared by Task 
Group T-6A-3 on Vinylidene Chloride Polymers. 
Publication No. 57-9. Per Copy $1.50. 
T-6A Reinforced (Faced) Tank picts. A 
Report by NACE Committee T-6A. 
Pub. 58-7. Per Copy $1.50. 
T-6A Report on Thermoplastic Coal Tar Base 
Linings. A Report of NACE Unit Com- 
mittee T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion, prepared by 
Task Group T-6A-16 on Coal Tar Coatings. Pub. 
58-10. Per Copy $1.50. 
T-6A-5 sone Techniques, Properties and 
. Chemical Resistance of Polyethylene 
Coatings—A Report of NACE Task Group T-6A-5 
on Polyethylene. Pub. 59-7. Per Copy $1.50. 


T-6B Protective Coatings for Atmospheric 
E Use: Their Surface Preparation and Ap- 
plication Physical Characteristics and Resistance. 
A Report of Unit Committee T-6B on Protective 
Coatings for Resistance to Atmospheric Corro- 
sion. Publication No. 57-10. Per Copy $2.75. 





T-6D-2 Specification Format for Surface Prep- 

aration and Material Application For 
Industrial Maintenance Painting—A Report of 
NACE Technical Unit Committee T-6D on In- 
dustrial Maintenance Painting, Prepared by 
Task Group T-6D-2 on Stagdardization of Scope 
of Painting Specifications. Publication 61-1. Per 


Copy $1.50. 
T-6D-3 Industrial Maintenance Paintin 
Program. A Report of NAC 
Technical Unit Committee T-6D on industrial 
Maintenance Painting, Prepared by Task Grow 
T-6D-3 on Paint Programs. Publication 60-8. 
Per copy $1.50. 
T-6E Protective Coatings in Petroleum Pro- 
, duction—A Report of NACE Technical 
Unit Committee T-6E on Protective Coatings in 
Petroleum Production. Publication 61-2. Single 
Copy $2.00 
2- 4 Copies 1.50 each 
5-10 Copies 1.00 each 
Over Ten Copies—Special Quote 
TP-6G _ First Interim Report on Recommended 
Practices for Surface Preparation of 
Steel. (Pub. 50-5). Per Copy, $1.75. 
TP-6G Second Interim Report on Surface Prep- 
aration of Steels for Organic and Other 
Coatings. (Pub. 53-1.) Per Copy, $3.25 
T-6H Glass Linings and Vitreous Enamels— . 
A_ Report of NACE Technical Unit 
Committee T-6H on Glass Linings and Vitreous 
Enamels. Publication 60-16. Per Copy $1.75. 
T-6K Acid Proof-Vessel Construction with 
Membrane and Brick Linings. A Report 
of NACE Technical Unit Committee T-6K on Cor- 
rosion Resistant Construction with Masonry and 
sing Materials. Publication No. 57-6. Per Copy 


T-6K Acidproof Floor Construction With 
Membrane and Brick. A_ Report 
of NACE Technical Unit Committee T-6K on 
Corrosion Resistant Construction With Masonary 
and Allied Materials. Publication 60-1. Per 
copy $1.50. 
Remittances must accompany all orders for litera- 
ture the aggregate cost of which is less than $5. 
Orders of value greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M Bildg., 
Houston, Texas. Add 75¢ per package to the prices 
given above for Book Post Registry to all addresses 
outside the United States, Canada and Mexico. 
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Detection of Interference Current on a Simulated Pipe Line* 


By J. M. TAYLOR, JR.* and J. P, BARRETT* 


Introduction 


HE WIDESPREAD application of 

cathodic protection to oil field struc- 
tures has created considerable interest in 
attendant problems of interference on 
flow lines and well casings. Accordingly, 
laboratory tests were conducted to find 
some of the limits of detection of inter- 
ference current on a simulated pipe line 
by the measurement of the IR drop 
produced. It is realized that, while the 
results of this work are not new to those 
experienced in this area, they may well 
be startling to some new workers faced 
with the problem of determining inter- 
ference in the field. 


Procedure 

A straight piece of wire was suspended 
horizontally between two insulators. One 
foot of the wire had approximately the 
same resistance as 200 feet of two-inch, 
3.65-pound pipe. 

A diagram of the electrical circuit is 
shown in Figure 1. Points A, B, C, D, E, 
and F represent contacts made on the 
wire with clip leads. Points B and C 
represent areas of exit and entry of inter- 
ference current on this simulated pipe, 
while E and F are points through which 
“long line” current was impressed. Points 
A and D represent contacts made with 
metallic probes used in measurement of 
IR drop along the “pipe”. The poten- 
tiometer used for these measurements 
was adjusted so that the smallest scale 
division represented 0.05 millivolt. Thus 
the sensitivity of this voltage measuring 
device was equal to, or greater than, that 
of instruments commonly used in_ the 
field. 

Results and Discussion 

Results of five experiments are shown 
in Tables 1 through 5. With the excep- 
tion in Experiment No. 4, the section of 
“pipe” carrying interference current (be- 
tween B and C) was centered between 
the probes A and D. In Nos. 1 and 2, the 
interference current flowed through two 
different lengths of “pipe”. Interference 
current and “long line” current flowed in 
the same and then in opposite directions 
in No. 3. Position of the probes was 
varied in No. 4, with probe separation 


* Submitted for publication May 24, 1961. 


* Pan American Petroleum Corp., Tulsa, Oklahoma. 


having been held constant while travers- 
ing the affected area. In No. 5, the spac- 
ing of the probes A and D was varied. 

The data in the first two experiments 
conformed with Ohm’s Law within ex- 
perimental error, as would be expected, 
and calculated resistances corresponded 
with relative lengths of affected “pipe”. 
The minimum detectable current on 25-50 
feet of “pipe” was between 40 and 160 
milliamperes, with 70 milliamperes being 
indicated if the data are interpolated 
conservatively. 

In the third experiment a “long line” 
current of 280 milliamperes was used. 
The minimum detectable interference 
current flowing to a 25-foot section of 
“pipe” was between 70 and 165 milli- 
amperes. When the interference current 
was in the same direction as the long 
line current, the IR drop between the 
points A and D was increased, and vice 
versa, as would be expected. 


Abstract 


Laboratory tests were made to determine 
some of the limits of detection of interfer- 
ence current on a simulated pipe line. 
Tests involved measurement of the oR drop 
produced on a straight piece of wire sus- 
page horizontally between two insulators. 
t was found that the minimum detectable 
current on 25-50 feet of ‘‘pipe’ carrying 
no long line current was between 40 and 
160 ma, and the minimum on 25 feet of 
“‘pipe’’ already carrying a long line cur- 
rent of 280 ma was between 70 and 165 
ma. The detectability of 160 ma _ interfer- 
ence current on 25 feet of “‘pipe’? was un- 
altered when spacing between probes was 
changed from ‘25 feet’? to ‘600 feet,’’ so 
long as the affected section was kept between 
the probes. In cases where only a part of 
the affected section of pipe was included in 
a survey, it was found the IR drop ob- 
served could be so low that erroneous con- 
clusion might be reached that no interfer- 
ence was present. 2.3.5 


In the fourth experiment an interfer- 
ence current of 160 milliamperes was 
flowing on 25 feet of “pipe”, and a sur- 
vey was made across the affected section 
with a “200-foot” spacing between the 


Figure 1—Electrical circuit for study of interference. Legend: R — potentiometer; Mi and Mz = milliammeters; 
A and D = movable contacts (‘‘probes’’) to measuring circuit; B and C — movable contacts to interference 
current source; E and F — movable contacts to long-line current source. 
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TABLE 1—Variation of IR Drop with Inter- 
ference Current—Affected Section Cen- 
tered between Probes* 


“ow | 
Millivolts | 
Between | 
Aand D 


Interference 
Current Between 
B and C, ma. 


MD: cacccaee ee 

160 eas oo a 

230... 
320... 
620 +5 


| 
| 


Crorbo 


oof 
Lees 


* Conditions: 

Distance between A and D = 1 ft., equivalent 
to 200 ft. of pipe. 
Distance between A and B = 4% in., equiv- 
alent to 75 ft. of pipe. 
Distance between B and C = 3 in., equiv- 
alent to 50 ft. of pipe. 

** This value was below the sensitivity of the 

instrument. 


TABLE 2—Variation of IR Drop with Inter- 
ference Current—Affected Section Cen- 
tered between Probes* 


Interference | Millivolts | E 
Current Between | Between R = —, ohms 
BandC,ma. | AandD | I 


40 | +*# ai 

70. 0.07 0.0010 
95 0.10 0.0011 
160. 0.20 0.0012 
310. | 0.38 0.0012 


* Conditions: 
Distance between A and D = 1 ft., equiv- 
alent to 200 ft. of pipe. 
Distance between A and B = 5% in., equiv- 
alent to 87.5 ft. of pipe. 
Distance between B and C = 1% in., equiv- 
alent to 25 ft. of pipe 

** This value was below the sensitivity of the 

instrument. 


probes. The IR drop measurement did 
not change until (1) one of the probes 
fell within the affected area, or (2) both 
probes fell to one side of the affected 
area. This illustrates that, unless a 
thorough survey is made, a section of 
pipe affected by interference might be 
missed. Furthermore, if only a part of 
the affected section is included in the 
survey, the readings might be so low as 
to lead to the erroneous conclusion that 
no interference is present. 

In the fifth experiment an interference 
current of 160 milliamperes was flowing 
on 25 feet of “pipe”, and the spacing of 
the probes was varied from “25 feet” to 
“600 feet”. The IR drop was essentially 
unchanged, indicating that the spacing 
was not important so long as the affected 
section was kept between the probes. The 
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TABLE 3—-Variation of IR Drop with Inter- 

ference Current and “Long Line” Current 

in Same and Opposite Directions—Affected 
Section Centered between Probes* 


| Inter- 
Inter- ference 
ference Current 
Long Line | Current | — 
Current Added to to Long 
in the Long Line Line 


Direction | Current, | Current, 
E to F, ma. ma.** ma, ** 


Millivolts 
Between 
Aand D 


3.00 
3.00 
3.10 


| 

et 
| 210 
| 165 


* Conditions: 
Distance between A and D = 1 ft., equiv- 
alent to 200 ft. of pipe. 

Distance between A and B = 5% in., equiv- 
alent to 87.5 ft. of pipe. 
Distance between B and C = 1% in., equiv- 
alent to 25 ft. of pipe. 

** Actually, only the current sources were added 
or opposed, with a resultant current in only 
one direction along ‘‘pipe’’. 


same test leads were used for all five 
experiments, making the resistance of the 
external circuits constant. Duplicate read- 
ings were observed to verify results. 

in these experiments, a wire was used 
to simulate a single pipe line under ideal 
conditions for detection of current. When 
a pipe is buried in the soil, however, the 
situation becomes more complex. The re- 
sults of the present study show that, 
before the field man makes an interpre- 
tation of his results and declaration of 
the extent of interference, he should be 
familiar with the limits of his instru- 
ments and survey methods. 


Conclusions 

1. Some of the limits of detection with 
a potentiometer of interference current 
on a simulated two-inch, 3.65-pound 
pipe line with the affected section en- 
tirely between the probes were: (a.) The 
minimum on 25-50 feet of “pipe” carry- 
ing no long line current was between 40 
and 160 milliamperes and estimated at 
70 milliamperes. (b.) The minimum on 
25 feet of “pipe” already carrying a long 
line current of 280 milliamperes was be- 
tween 70 and 165 milliamperes. 


2. The detectability (with the above 


potentiometer) of 160 milliamperes in- 
terference current on 25 feet of “pipe” 


will appear in June, 1962 issue 
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TABLE 4—Variation of IR Drop with Posi- 
tion of Probe A—Separation of Probes 
Held Constant While Traversing Affected 
Section* 


Distance** 
Between | Millivolts 
Aand B, | Between 

Inches Aand D 


+i 0.12 


> 9 0.20 
A and D 


5% 0.24 B and C between probes 
0.20 Aand D 

0.20 B and C between probes 
A and D 

0.20 B and C between probes 
A and D 

0.20 B and C between probes 
A and 

0.10 Probe A between B and C 
0.02 Probe A between B and C 
0.00 Probes A and D to the 
right of Band C 


Remarks 


Probe D between B and C 
B and C between probes 








* Conditions: 
Distance between A and D = 1 ft., equiv- 
alent to 200 ft. of pipe. 

Distance between B and C = 1% in., equiv- 
alent to 25 ft. of pipe. 
Distance between A and B varied. 
Interference Current between B and C = 
160 ma. 

** The plus sign means that point A was to the 
left of point B. 
The minus sign means that point A was to 
right of point B. 


TABLE 5—Variation of IR Drop with Spac- 
ing of Probes—Affected Section Approxi- 
mately Centered between Probes* 


Millivolts 
Between 
A and D 


Distance 
Between 
A and B, In. 


Distance | 
Between 
A and D, In. 


| 

1kK.. 
2% 

36... 


* Conditions: 
Distance between B and C = 1% in., equiv- 
alent to 25 ft. of pipe. 

Distance between A and D (and thus between 
A and B) varied. 

Interference Current between B and C = 
160 ma. 


was unaltered when the spacing between 
probes was changed from “25 feet” to 
“600 feet”, so long as the affected section 
was kept between the probes. 

3. If only a part of the affected sec- 
tion of pipe is included in a survey, the 
IR drop observed might be so low as 
to lead to the erroneous conclusion that 
no interference is present. 


4. Interference on a buried pipe might 
be missed if there is a lack of instrument 
sensitivity or a lack of thoroughness in 
conducting the survey. 
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Sulfide Stress Cracking of Steels 
For API Grade N-80 Tubular Products* 





Introduction 


URING THE past decade there have 

been many investigations into the 
effects of aqueous hydrogen sulfide en- 
vironments on steel. These have been 
prompted by failures of tubing and well 
equipment in high pressure sour conden- 
sate wells. Failure is attributed to sulfide 
stress cracking which results in fracture 
of the steel when it is subjected to a 
critical stress and exposure in moist or 
aqueous hydrogen sulfide. The work of 
Schuetz and Robertson,! and others, in- 
dicates that failure under these conditions 
is due primarily to embrittlement of the 
metal by hydrogen released during corro- 
sion by hydrogen sulfide. 

The work presented in this paper is 
part of an investigation to measure the 
effects of production and environmental 
variables on the susceptibility of tubing 
and casing steels to sulfide stress crack- 
ing. Earlier investigations? and field ex- 
perience have indicated that little diffi- 
culty is encountered with tubing in sour 
condensate wells when API Grade J-55 
is employed. When N-80 and_ higher 
strength grades are used, the suscepti- 
bility to cracking is increased. 

The primary aim of this work was the 
development of an N-80 grade tubing 
which had improved resistance to sulfide 
stress cracking. It had been determined 
in previous work in this investigation 
that sufficient tempering, or over-aging 
in the case of precipitation hardening 
alloys, or an isothermal transformation 
after austenitizing increased the resistance 
of various steels to sulfide stress cracking. 
These results are in agreement with those 
obtained by Bloom,*? Fraser and Trese- 
der,t and Vollmer.® It was determined 
that these treatments also decreased the 
possibility of failure after cold work and 
exposure to hydrogen sulfide. Tempering 
the C-Mn-Mo grade of N-80) tubing 
after normalizing appeared to offer a 
solution to this problem. Measurements 
of the tensile properties of normalized 
and tempered N-80 indicated that 80,000 
psi min. yield strength could not be 
maintained with certainty if the material 
was properly tempered. An experimental 
alloy?) was, therefore, developed to meet 


tdi for publication March 27, 1961. A 

pores presented at the 17th Annual Conference, 

ational Association of Corrosion Engineers, 
Buffalo, New York, March 13-17, . 


a) an nominal analysis of this motets is 0.42 
1.50 Mn, 0.040 Max. P and S 18 Si, and 
b 18 Mo. The standard heat heat for this 
material is normalizing. In the balance of this 
paper any reference to N-80 tubing, or tests 
therefrom, implies specifically the above-men- 
tioned alloy. Any heat treatment other than the 
standard normalize will be so stated. 
(2) a nominal analysis of this material is 0.24 
1.15 Mn, 0.040 Max. P and S, 0.15 Si, 0.45 
Mio. 0.10 V. This material is heat treated by 
normalizing and tempering. 


By M. F. BALDY 


Abstract 


A laboratory investigation was made of va- 
rious factors affecting the sulfide stress 
cracking resistance of a C-Mn-Mo grade of 
steel commonly used for producing API 
Standard 5A, Grade N-80 tubular prod- 
ucts. It was found that the sensitivity to 
sulfide stress cracking of this steel in the 
normalized condition was increased signifi- 
cantly by 1 percent plastic prestrain. Ex- 
periments with the same material in the 
normalized and tempered condition indi- 
cated that tempering decreased the effect 
of subsequent cold work on sulfide stress 
cracking. Specimens tempered at 1150 F 
had somewhat greater resistance to failure 
than those tempered at 1200 F. The corro- 
sion rate of this C-Mn-Mo steel in the 
acidified sulfide solution used for testing 
was independent of applied stress and prior 
thermal or mechanical history. An experi- 
mental C-Mn-Mo-V low alloy steel capable 
of meeting API 5A Grade N-80 require- 
ments was developed for use in sulfide 
wells. The laboratory results obtained sug- 
gest that the sulfide stress cracking resist- 
ance of this new steel is superior to that 
of the normalized and tempered C-Mn-Mo 
steel. 3.5.8, 6.2.3 


80,000 psi minimum yield strength, or 
higher values, and in addition to have 
increased resistance to sulfide stress 
cracking. 

The work presented in this paper is a 
comparison of the sulfide stress cracking 
resistance of C-Mn-Mo N-80 steel in the 
normalized condition, and also after tem- 
pering, with an experimental alloy hav- 
ing an 80,000 psi minimum yield strength. 


Materials and Test Procedure 

Sections of 27-inch OD x 0.217-inch 
wall tubing from two heats of N-80 steel 
were used in this investigation. Two labo- 
ratory induction heats of the experi- 
mental analysis were also tested. The 
first of these experimental ~heats (No. 
1032) was a 15-lb. heat cast into a 2-inch 
square ingot and then press forged to a 
l-inch square bar. The second induction 
heat (No. L5061) was a 100-lb. heat 
cast into tapered 4-inch square, 35-lb. in- 
gots. Ingot A of this second heat was 
direct rolled to a 1%-inch thick plate 
approximately 4 inches wide, and Ingot 
B was press forged to a 14-inch square 
bar. The chemical analyses of the tubes 
and induction samples are shown in 
Table 1. The heat treatments and tensile 
properties of the materials tested are in 
Table 2. The experimental analysis, a 
C-Mn-Mo-V material, was heat treated 
in the form of % inch square x 5 inch 
long longitudinal blanks. 


TABLE —-Chomiend Analysis of Steels Used in ) Sulfide Stress eres Tests 


F 





Grade 

WGN oo si. arrive 7591 | 0.44 | 
N-80...... aids tcaeeh at. 
CN MOV) o.oo ccscccsh lee | (Om 
C-Mn-Mo-V... 


pisdierirectae | L5061 0.24 


eae a te 


































Figure 1—Tensile corrosion test specimen. 
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field of physical metallurgy and notch tough- 
ness studies of steels used for high strength 
steel tubular products. He is a member of 
the American Society for Metals. 
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Figure 2—Cross section of tensile corrosion specimen in test jacket. Figure 3—Creep machines for dead weight load testing of sulfide stress crack- 7 
ing specimens. re 
5] 
he 
All sulfide stress cracking tests in this TABLE 2—Heat Treatments and Mechanical Properties of Steels Used in Sulfide Stress of 
investigation employed the tensile-type Cracking Tests ( 
specimen shown in Figure |. The speci- = = ss a 
. ‘ere tested by sealing them in a Yield | Tensile | lo 
se ee were * ee 8 hia Heat | Strength,| Strength,) Percent | Hardness 
test jacket containing the corrosive en- Grade No. Heat Treatment* | Psi | Psi | Elong.** Re ps 
ir , Z own in Figure 2, and = ee ie 
vironment, as shown in Fig aie N-80 ceee{ 7501 Normalize 1600F | 90,550 | 123,950 | 15.5 | 24 ; 
loading them in tension in modined high — \_g9 ke 7591 Normalize 1600F | | to 
i so eae achines as shown in & Temper L150F 83,475 | 108,625 20.0 18 : 
temperature creep machines a N-80.. D 7591 | Normalize 1600F am 
Figure 3. This is the test method used | & Temper 1200F | 79,000 | 104,050 | 213 | 16 th 
r 3 wi > excepti at the — a os —|—— -| - 
by Bloom* with the exception tha “  N-80 7 6538 Normalize 1600F 84.000 | 130,000 | 200 | 22 It 
reduced section. 1S straight and longer. N-80... ; Z 6538 Normalize 1600F | | | sn 
Th san ch > ‘re achine 0.004- & Temper 1150F 82,950 | 108,200 20.3 | 17 af 
These specimens were machined 0.0 N-80... reas 6538 Normalize 1600F | | we 
inch oversize in the reduced section, & Temper 1200F | 80,250 | 104,900 22.5 | 16 I 
polished circumferentially and then  fin- C.Ma-Mo-V 1032 Normalize 1600F cog ates ce 
ished longitudinally with 2/0 metallo- & Temper 1300F 87,750 | 101,800 | 23.0 17 di 
* . ES a aa aali a gs CMa Me-¥ | on. iss L5061 Normalize 1600F | 
graphic paper. The specimens were fre« Ingot A | & Temper 1300F | 93,050 | 106,300 | 225 | 18 he 
of transverse scratches. Test specimens = C-Mn-Mo-V...... L5061 | Normalize 1600F | | 
T . ’ 7 | . Te > », = | 525 > 9° s 
from N-80 tubing were machined from | Ingot B & Temper 1300F | 90,525 106,400 23.0 18 fu 
longitudinal strips cut from the wall of th 
vs -eate j Te snHecime *—-1 hour for each operation. 
the heat-treated tubing, re St spec ime mS **—Percent Elongation on N-80 heats was taken over a 2 inch gage length on strip tensile tests. Percent pe 
of the C-Mn-Mo-\ alloy were machined Elongation on C-Mn-Mo-V heats was taken over a | inch gage length on 0.250 inch diameter tensile tests. us 
from the Y2-inch square heat-treated fic 
blanks. ing Y2 percent acetic acid (HAc) was TABLE 3—Results of Sulfide Stress Cracking te 
Sulfide stress cracking tests were made — added.*_ the gas inlet and outlet tubes Tests on Normalized N-80 (Heat 7591) in In 
on samples in the as-heat-treated condi- were connected and the test was in V2 Percent Acetic Acid Sulfide Solution le 
tion, and also after cold working to de- progress, as shown in Figure 3. A con- el 
termine what effect cold working which tinuous stream of a 50/50 mixture by | acai 
is experienced in rotary straightening volume of H.S and CO, was bubbled | Diameter te 
ight have on sulfide failures of tubing hrough the sacket which ké he sol 4 : | Due to N 
mign lave B ‘ g through the jacket which kept the solu- Applied Time to Failure, |Corrosion, I 
steels. Specimens were cold worked by tion saturated with these gases during Stress, Psi | Hours | Inches ce 
stretching in a tensile machine to a level the test cycle. Timers connected to the 100,000 2.1 se 
of 1 percent permanent strain. This level — creep machines measured the time to 100,000 2.3 J) 
was chosen as it represents two to four — failure to 0.1 hour. Each specimen was : ot EB 
times the average change in length of a — exposed under load in the corrosive en- 90,000 - ve eee hi 
tube during rotary straightening. An ex- vironment until it failed, or with few oe 65 
tensometer was attached to the sample — exceptions, until 1000 hours passed. At yet 4.8 I 
° ° . e e So, 0. > 
during this operation and the amount of — the termination of the test cycle, each of : 6: 
permanent strain after releasing the load — the specimens which had _ lasted 1000 oooen by re 
. ’ os e ° . +.é ° 
was so determined. Cold worked samples — hours or more was cathodically cleaned 80,000. . 7.9 in 
were placed in the sulfide test in the — of its corrosion products in a_ caustic 80,000... . 181.0 _ bl 
same day in which they were strained. — solution, and the loss in diameter meas- 75,000 14.7 
Prior to testing, each sample was de- ‘e ain an estimate of the ; 75,000 50.4 t 
5 XESUNE > sample ( ured to obtain an estimate of the amount aan. | ete aeons owes | Cae 
greased in trichloroethylene, arranged in — of corrosion. 75,000 N.F. in 1001.5 Hours | 0.0045 ne 
a test jacket as shown in Figure 2, and ‘ ; ; i 
. . - Results and Discussion 70,000 N.F. in 1004.0 Hours | 0.0046 ; 
then placed Im a creep machine. The 70,000. N.F. in 1046.0 Hours | 0.0058 he 
jacket surrounding the specimen wa Samples from N-80 tubing from Heat : = cc 
hes ee a Se ere ig 5. : 60,000 N.F. in 1003.0 Hours | 0.0057 
purged with nitrogen during application 7591 were tested in the acidified sulfide 60,000.....| NFL in 1003/0 Hours | 0.0055 th 
of the load. After loading, 600 ml of — solution in the normalized condition and T 
nitrogen-purged distilled water contain- also after 1 percent cold working. The igh — No halore: ns 
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A 
C-Mn-Mo N-80, normalized 1600 F. Electrolytic 
etch, 1000X. 


B 
C-Mn-Mo N-80, normalized 1600 F and tempered 
1150 F. Electrolytic etch, 1000X. 
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C-Mn-Mo-V steel normalized 1600 F and tempered 
1300 F. Electrolytic etch, 1000X. 


Figure 4—Microstructures of normalized tubular steels. It should be noted that N-80 tempered at 1200 F has the same microstructure as shown. 


results are shown in Tables 3 and 4. 
Specimens of the as-normalized material 
had a maximum load carrying capacity 
of between 70,000 psi and 75,000 psi in 
1000 hours of test. Prestrain of 1 percent 
causes the load carrying capacity to be 
lowered to a level of 45,000 psi to 50,000 
psi. It has long been known that cold 
working steel increases the susceptibility 
to hydrogen embrittlement, probably by 
increasing the number of dislocations for 
the precipitation of molecular hydrogen. 
It is of interest to observe that such a 
small degree of cold work has a marked 
effect on the load carrying capacity. 
There appears to be no dependence of 
corrosion rate on applied stress, and no 
difference in corrosion rate between as- 
heat-treated and cold-worked material. 

Normalized and tempered samples 
from Heat No. 7591 were also tested in 
the acidified sulfide solution. The tem- 
pering temperature of N-80 tubing to be 
used in sulfide wells is generally speci- 
fied at 1100 F min. or 1150 F min. Two 
tempering temperatures were used in this 
investigation: 1150 F and 1200 F. Two 
levels of tempering temperature were 
employed to determine if resistance to 
cracking increased with an increase in 
tempering temperature. All the tempered 
N-80 specimens were prestrained 1 per- 
cent before testing as this was the more 
severe condition for the normalized N-80. 
The results of these tests are shown in 
Table 5. The 1150 F tempered material 
has a load carrying capacity of between 
65,000 psi and 75,000 psi; that of the 
1200 F tempered material is between 
65,000 psi and 70,000 psi. The corrosion 
rate, as indicated by the loss in diameter 
in 1000 hours, in either case is compara- 
ble to normalized N-80. 

Samples from a second heat of N-80 
tubing (Heat No. 6538) were tested after 
normalizing and tempering at 1150 F and 
1200 F. All specimens from this second 
heat were also tested in the 1 percent 
cold-worked condition. The results of 
this second heat are shown in Table 6. 
The 1150 F tempered material has a load 
carrying capacity between 70,000 psi and 








TABLE 4—Results of Sulfide Stress Cracking Tests on Normalized and 1 Percent Cold 
Worked N-80 (Ht. 7591) in 1. Percent HAc Sulfide Solution 


Percent 
Permanent 

Applied Stress, psi Prestrain 
1.03 
1.01 
60,000... .. Pe svn 1.00 
60,000. . fi 1.00 
; 1.01 
1.00 
1.02 
1.03 
50,000. . ; 1.05 
50,000. . 1.02 
50,000. . . 1.01 
50,000. 1.00 
45,000... weld as ae wie ; 1.00 
45,000... won tert 1.01 
40,000...... ‘ -? : 1.01 
40,000... ; 1.03 


* N.F. —No Failure. 


80,000 psi. The 1200 F tempered ma- 
terial has a load carrying capacity be- 
tween 70,000 psi and 75,000 psi. The 
corrosion rate is again comparable to 
normalized N-80. 

Three things are noticeable from the 
results of the tests on normalized N-80 
and on normalized and tempered N-80. 
First, the corrosion rate is comparable in 
all cases indicating that the susceptibility 
to failure, which is measurably different 
for each set of pre-treatments, is not de- 
pendent on corrosion rate. Schuetz and 
Robertson found that sulfide stress crack- 
ing is essentially nothing more than em- 
brittlement caused by hydrogen, gener- 
ated in the corrosion process, entering 
the metal. The present results indicate 
that metallurgical factors have more of 
an effect than the corrosion rate in this 
hydrogen embrittlement. Second, it is 
evident that normalized and tempered 
N-80 does not suffer the detrimental 
effects from cold working that are shown 
by normalized N-80. It is of interest to 
note, however, that the N-80 tempered 
at 1150 F tends to have a greater resist- 
ance to failure than that tempered at 
1200 F. The beneficial effects of temper- 


Loss in Diameter 


Time to Failure, Due to Corrosion, 
Hours Inches 
7.2 ate. 
8.7 
38.7 
80.3 
5.8 
11.0 
26.5 
| 105.1 
| 64.3 
68.0 ee 
N.F.* in 1147.7 Hours 0.0047 
N.F. in 1006.7 Hours 0.0044 
N.F. in 1006.6 Hours | 0.0053 
N.F. in 1004.0 Hours 0.0062 
| N.F. in 1001.5 Hours | 0.0034 
N.F. in 1005.0 Hours | 0.0045 


ing are most probably due to the relief 
of residual stresses. Tempering, however, 
also reduces the tensile strength as the 
tempering temperature is increased. The 
implication is that there is an optimum 
tempering temperature (assuming a con- 
stant tempering time) for this grade of 
steel resulting in a compromise between 
the reduction of tensile strength and 
residual stress, at which point the resist- 
ance to sulfide stress cracking is at a 
maximum. Third, it can be seen from a 
comparison of Tables 5 and 6 that, for 
comparable pre-treatments, the maximum 
load carrying capacity of Heat No. 6538 
is 5,000 psi higher than Heat No. 7591. 
Since the source and pipe size of these 
two heats are the same, and the tensile 
properties are equivalent (for a given 
tempering temperature), it appears that 
there can be an appreciable spread from 
heat to heat in the resistance of tempered 
C-Mn-Mo N-80 to sulfide stress cracking. 

After considerable experimentation 
with different analyses and heat treat- 
ments, it was found that the C-Mn-Mo-V 
alloy in Table 1, normalized at 1600 F 
and tempered at 1300 F with the result- 
ing tensile properties shown in Table 2, 
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TABLE 5—Results of Sulfide Stress Cracking Tests on Normalized, 
Tempered and 1 Percent Cold Worked N-80 (Ht, 7591) in 1/2 
Percent HAc Sulfide Solution 





| 
l 
Diameter 
Due to 
Corrosion, 
Inches 


Applied Percent 
Stress, | Permanent Time to Failure, 
psi Prestrain Hours 


Tempering 
—_——- 


15.0 
24.3 


28.1 

46.3 | 

N.F.* in 1007. 9 Hours | 
1.F. in 1004. 8 Hours 


80,000 
80,000 


75,000 
75,000 
| 75,000 

75,000 
70,000 
70,000 
70,000 
70,000 


65,000 
65,000 
65,000 
65,000 


2| 28 


be pa ba pt 
Seee2| 
Crono 


S2| 2232) § 


159. 8 
in 1003.5 Hours | 
1103.0 Hours 

1003.4 Hours 


1075 0 Hours 
1013.2 Hours 
1007.2 Hours 
1004.6 Hours 





ooo 
AAR 





=aAwo 
VIO Or | 


80,000 
75,000 
75,000 
75,000 


cup boty 


70,000 
70,000 
70,000 
70,000 


Sty | 
AI | 
oO 


“1006. 3 Hours 
1097.5 Hours 


0.0043 
0.0037 
0.0042 
0.0046 


0.0078 
0.0043 


65,000 
65,000 
65,000 
65,000 


1011.3 Hours 
1037.4 Hours 
1025 2 Hours 
1026 4 Hours 








* N.F.—No Failure 


TABLE 7—Results of Sulfide Stress Cracking Tests on C-Mn-Mo-V 
Steel (Ht. 1032) Normalized 1600 F and Tempered 1300 F— 
Tested in 1. Percent HAc Sulfide Solution 


| Loss in 
| Diameter 

Percent | | Dueto 
Permanent | Time to Failure, | Corrosion, 


Prestrain | Hours | Inches 


Applied Stress, psi 


Heat Treated—No Prestrain 


90,000 None 
90,000 None 
85,000 None 
80,000 None | 
80,000 None | 
75,000 None | 
75,000 None 


0.0042 


N.F.* in 1011.6 Hours 
N 0.0039 


F. 
v.F. in 1079.4 Hours 


Heat Treated With 1 Percent Prestrain 


$0,000 .09 727. as 
80,000 -00 | N.F. in 1102. 0.0039 
75,000 02 |} N.F. in 11 0.0050 
0.0040 
0.0053 
0.0054 


0.0093 


1 Hours 
4 Hours 
1 Hours 
3 
2 


1 
2 
54. 
75,000 .09 N.F. in 1004. 
70,000 .00 N.F. in 2013. 
60,000 05 | N.F. in 2256. 
50,000 .00 N.F. in 2515 


Hours 
Hours 
Hours 


* N.F.—No Failure. 


of 700 hours. This 
sample was from 
Ingot A. In addi- 
tion, other sam- 
ples from Ingot A 
showed a rather 
erratic response in 
corrosion resist- 


gave the best combination of mechanical 
properties, resistance to sulfide stress 
cracking, and the possibility of being eco- 
nomically feasible for use in N-80 tubing. 
The results of tests from experimental 
Heat No. 1032 are shown in Table 7. 
The load carrying capacity is between 
75,000 psi and 80,000 psi in the as-heat- 
treated condition and also after 1 percent 
cold work. The corrosion loss is the same 
as for tests from N-80 tubing. B. 

Specimens from a 100-lb. heat of the 
C-Mn-Mo-V steel (Heat No. 5061) were 
tested in the cold worked condition. The 
results are shown in Table 8. These data 
indicate the load carrying capacity of this 
heat in an acidified sulfide solution to 
be also between 75,000 psi and 80,000 
psi. There was only one failure at 75,000 
psi and this was after an exposure time The 
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Ingot 


ance, as compared to samples from Ingot 
The only difference between the two 
ingots was the degree of hot working. 
Ingot B was reduced to approximately 
4 the cross section of A. The erratic 
behavior of samples from Ingot A com- 
pared to Ingot B could be due to a lesser "1" * ? on 
degree of homogeneity of structure in _ its difference in structure. This difference 
A because of the smaller degree 
of cast structure refinement. 
microstructures of 
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TABLE 6—Results of Sulfide Stress Cracking Tests on Normalized, 
Tempered and 1 Percent Cold Worked N-80 (Ht. 6538) in 1/2 
Percent HAc Sulfide Solution 








Tempering 


Applied Percent 
ae, 


Stress, | Permanent Time to Failure, 
psi Prestrain Hours 


14.2 


308.1 
N.F.* in 1101.8 Hours 
N.F. in 1072.9 Hours 


146.0 
in 1000.8 Hours 
1005.3 Hours 
1000.2 Hours 


1001.1 Hours 
1000.3 Hours 
1000.1 Hours 
1000.0 Hours 


14.5 
15.9 
24.7 
159.1 


274 9 

1001.1 Hours 
1005.9 Hours 
1001.3 Hours 


1027.8 Hours 
1028.4 Hours 
1079.9 Hours 
1073.4 Hours 


= 
RRAE 


o 


pat peed et 
ooo 





ae et et et | 


8888 | 888| SS22| See 
ZZZ 
bry Pry ry 


| 


| 2222 
| 


fmt pet pe pen 


ever r) 





sB28 


_ 
tb 














*N.F. ie Failure. 


TABLE 8—Results of Sulfide Stress Cracking Tests on C-Mn-Mo-V 
Steel (Ht, L5061) Normalized 1600 F and Tempered 1300 F— 
_Tested in Percent HAc Sulfide Solution: 


Loss in 
Diameter 
Due to 
Corrosion, 
Inches 


Percent 
Permanent Time to Failure, 


Applied Stress, psi Prestrain Hours 


Ingot A—Rolled to 114” Plate 


| 





1 
1 


My 1 

1.05 lé 

1.02 | 6: 36.4 

1 N. F. * in 1005.8 Hours 0.0041 
1.05 700.6 

1.06 N.F. in 1001.2 Hours 
1.05 | N.F. in 1000.2 Hours 
5 : ‘ 1.04 | N.F. in 1004.5 Hours 
a 5,000 Ce tiaqie teal .03 | N.F. in 1000.3 Hours 





B—Press Forged to 14%” Square Bar 





’ 1.03 
85,000. 5a vie, 0 f 
85,000 eis bone siitee bate 1.05 





S 
wo 


80,000. 


| S82 


in 1004.2 Hours 


1001.9 Hours 
1006.8 Hours 
1029.7 Hours 
1006.6 Hours 
1006.6 Hours 


on 


S8eee| 
ZLZLZZZ |Z 
woes 


Crane 


-No Failure. 


N-80 tubing, normalized and tempered 
N-80 tubing, and the C-Mn-Mo-V alloy 
are shown in Figures 4a, 4b and 4c. The 
C-Mn-Mo-V steel, Figure 4c, is lower in 
carbon and higher in alloy content than 
the C-Mn-Mo N-80 which accounts for 


in structure apparently is favorable to 
sulfide stress cracking resistance. 


normalized Comparing the test results of the C- 





oy 


an 
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Mn-Mo-V steel with those of normalized 
N-80 shows that this experimental steel 
has a higher resistance to sulfide cracking 
and in addition is relatively immune to 
the harmful effects of 1 percent prestrain- 
ing exhibited by normalized N-80. The 
fact that cold work did not seem tc 
increase the susceptibility of the experi- 
mental steel to sulfide cracking is an 
important factor, N-80 tubing is usually 
rotary straightened, and the facilities of 
many pipe mills provide only for this 
type of straightening on a production 
basis. The possibility of straightening the 
C-Mn-Mo-V steel without harmful effects 
is significant. Although tempering N-80 
nullifies (partially, if not entirely) the 
detrimental effects of subsequent 1 per- 
cent cold work, the results show a con- 
siderable range in resistance to sulfide 
stress cracking. The C-Mn-Mo-V alloy is 
equivalent to or slightly better than the 
best results achieved by the tempered 
N-80; but, of more importance, the re- 
sistance to sulfide stress cracking is more 
consistent and not subject to variations 
from heat to heat as N-80 appears to be. 
The C-Mn-Mo-V alloy has the additional 
advantage of having a yield strength 
which could be expected to be consist- 
ently above 80,000 psi. Tempered N-80, 
on the other hand, often falls below 80,- 
000 psi yield and may even go below the 
75,000 psi min. yield often specified for 
sulfide well service. 


Summary and Conclusions 


An ‘investigation was conducted in 
which a comparison was made of the 
sulfide stress cracking resistance of nor- 
malized N-80, normalized and tempered 
N-80, and a normalized and tempered 
C-Mn-Mo-V steel with an 80,000 psi 
minimum yield strength. All corrosion 
testing was conducted with dead weight 
loaded specimens in a 2 percent acetic 
acid solution saturated with a 50/50 mix- 
ture of H.S and CO,. Specimens were 
exposed under load in this environment 
for 1000 hours unless failure occurred 
sooner. Tests were made on specimens 
from the following combinations of steels 
and pre-treatments: Normalized N-80 
tubing; normalized N-80 tubing with the 
samples prestrained 1 percent before 
testing; normalized and tempered N-80 
tubing with the samples prestrained 1 
percent before testing; C-Mn-Mo-V steel 
as heat treated (normalized and tem- 
pered); C-Mn-Mo-V steel as heat treated 
with the samples prestrained 1 percent 
before testing. 

On the basis of the results of this in- 
vestigation, the following observations 
and conclusions can be made. 

1. Specimens from normalized C-Mn- 
Mo N-80 tubing had a maximum load 
carrying capacity between 70,000 psi and 
75,000 psi. 

2.Specimens from normalized N-80 
tubing, which were cold worked 1 per- 
cent prior to testing, had a maximum 
load carrying capacity between 45,000 
psi and 50,000 psi. 
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3. Specimens from N-80 tubing which 
was tempered at 1150 F, or 1200 F, and 
were prestrained 1 percent before ex- 
posure, had a maximum load carrying 
capacity of 65,000 psi to 80,000 psi. 

4. When tested in the prestrained con- 
dition, specimens from N-80 tubing tem- 
pered at 1150 F had approximately 5,000 
psi higher load carrying capacity than 
specimens from N-80 tubing tempered at 
1200 F. 

5.The corrosion rate of specimens 
from N-80 tubing, as measured by loss 
in diameter of a 3/16-inch diameter 
specimen, was about 0.005-inch in 1000 
hours. There is no dependence of cor- 
rosion rate on prior thermal or mechani- 
cal treatment or on applied load. 

6. The experimental C-Mn-Mo-V steel, 
tempered at 1300 F, had a maximum 
load carrying capacity of between 75,000 
psi and 80,000 psi both in the as-heat- 
treated condition and after 1 percent 
prestraining. The corrosion rate was the 
same as for N-80. 
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Introduction 
HE USE OF organic corrosion in- 
hibitors for the protection of refinery 
distillation equipment has grown rapidly 


in the past ten years, and has been the 


subject of many publications.!»*)%4 For 
protection of crude oil distillation equip- 
ment, standard practice has been to 
introduce ammonia into the overhead 
streams to achieve neutralization of the 
strong acid content and to maintain the 
aqueous condensate at a pH of 7 or 
more. Continuous injection of an inhibi- 
tor at low concentration has been capa- 
ble, under these conditions, of eliminating 
most of the costly corrosion of refinery 
equipment. This procedure has been suc- 
cessful in numerous cases; however, some 
problems have developed as a result of 
the treatment scheme. Of primary impor- 
tance among these problems is the con- 
trol of pH, which many times is not held 
constant at a control point with the pres- 
ent equipment. If excess ammonia is 
added, problems of product qué ality, foul- 
ing and corrosion by ammonium salts are 
expanded to an important magnitude. 
On the other hand, the addition of too 
little ammonia will result in corrosion 
acceleration due to the high hydrogen 
ion concentration. 

Several years ago one refinery discov- 
ered that it could overcome many of its 
subsidiary problems and_ still maintain 
adequate corrosion protection through 
operation at a pH level somewhat lower 
than usual with the use of only that 
quantity of ammonia sufficient to neu- 
tralize the strong acids present. This re- 
finery’s experience has been reported i 
two papers by Biehl and Schnake.*:® 
Tretolite’s search group has followed 
with interest these refinery developments 
and has directed efforts in both the labo- 
ratory and at refineries toward a study 
of low pH protection by organic inhibi- 
tors. These studies are by no means com- 
plete but they have brought forth certain 
facts which should be of interest to re- 
finers. Based on refinery operation ex- 
perience, it is apparent that operation 
at lower pH is not the unqualified an- 
swer to the control of corrosion and 
related problems in a refinery. Some re- 
fineries are operating ade ‘quately at low 
pH levels while others are operating ade- 
quately at pH 7 or above. This work has 
been directed toward predicting the opti- 
mum operating pH for each refinery. 
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Oxidation Reduction Potential as a Control Criterion 
In Inhibition of Refinery Sulfide Corrosion” 


By C. B. HUTCHISON* and W. B. HUGHES** 


Abstract 


The effect of the sulfide on the corrosion 
of refinery crude unit overhead equipment 
is considered, using oxidation reduction 
potential (redox) as a criterion of sulfide 
content. The study shows that optimum 
operating conditions are established through 
careful injection of ammonia to control 
H, redox, and sulfide content of the over- 
head water. Laboratory data are presented 
tu show the influence of changes in pH 
and redox on corrosivity and on the effec- 
tiveness of various corrosion inhibitors. 
Application of the findings of this investi- 
gation to refinery practice is illustrated. 


3.6.5, 8.4.3 


In crude still equipment, corrosion 
may be due to a number of agents, in- 
cluding acids present in the charge stock 
or formed during processing.’ Various 
salts such as ammonium chloride and 
ammonium sulfide formed in the unit 
from ammonia used for pH control also 
contribute to corrosion. Several problems 
are ever present in control of pH, most 
of which can be traced to inadequate 
sensitivity of control and metering equip- 
ment. Associated with the problem of 
adequate pH control is the more pon- 
derous problem of the optimum control 
point. This point is dependent upon the 
individual situation and must be worked 
out in each case by a careful evaluation 
of the particular refinery. 

In practice it has been found that a 
more adequate control of corrosion in a 
refinery crude unit can be attained by 
means of oxidation-reduction potential 
control coupled with pH adjustment than 
by means of pH control alone. Oxidation- 
reduction potential is pH-sensitive,’ but 
in refinery or buffered waters redox can- 
not be predicted from a theoretical 
study. (The term redox where used in 
this paper is an abbreviation for oxida- 
tion reduction potential in millivolts.) In 
an environment containing excess sulfide, 
as in many refineries, the electrode po- 
tential is governed by the solubility of 
the sulfide in the aqueous phase of the 
system. Thus, as the pH increases in the 
system from ammonia addition, the 
amount of sulfide ion which distributes 
to the aqueous phase from the hydro- 
carbon phase increases. Associated with 
this increase may be an increase in the 
corrosion rate up to the point where 
hydroxyl ions begin to compete with the 
sulfide ions for the metal surface. The 
result of higher hydroxyl ion concentra- 
tion is a lower corrosion rate. At pH 
values below 4 the concentration of hy- 
drogen ion increases the corrosion rate 
and appears to be the controlling factor 
in the corrosion process. 


Experimental Data and Discussion 
The corrosivity 
waters was tested in a 21 


of synthetic 
hour, 


refinery 
140 F, 


86 


rotated bottle, two phase, coupon weight 
loss test. Fifty ml of mineral spirits, and 
100 ml of synthetic refinery water were 
poured into an 8-ounce soda bottle. Sand 
blasted, weighed coupons, 734 inch by ¥% 
inch by ¥ inch, of 1020 carbon steel, 
were used. The coupons were water wet 
for five minutes in H,S saturated water, 
pH 4, redox —270, to get a uniform 
sulfide coating. 

Each water wet coupon was put into 
a bottle containing the fluids. This bottle 
was purged with hydrogen sulfide, capped 
and then rotated for 21 hours at 140 F. 
The coupons were removed, cleaned, 
desiccated, and reweighed. The oil was 
removed from the bottles using suction 
after the coupons were removed, and the 
final pH and redox were then run on the 
water to insure that the test condition 
had been maintained fairly constant. 

Refinery waters predominantly contain 
ammonium chloride, H,S, and ammo- 
nium sulfide. Synthetic refinery waters 
containing these products were used in 
the laboratory tests. Since crude-unit hy- 
drocarbon usually contains ample hydro- 
gen sulfide to saturate the small amount 
of condensed water in an overhead sys- 
tem, saturated H.S waters were used in 
laboratory testing. Increasing pH and 
more negative redox values were ob- 
tained by adding ammonium sulfide. pH 
values lower than 4 were obtained by 
adding hydrochloric acid. The pH and 
redox of the synthetic refinery waters 
before and after the test were plotted 
against the weight loss of the coupon 


calculated to MPY. 
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Figure 1—Effect of ammonium sulfide concentration 

on corrosivity of ammonium chloride hydrogen sul- 

fide saturated brine in two phase agitated 140 F 
corrosion test (uninhibited). 
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Figure 2—Effect of initial pH on a _of 

ammonium chloride hydrogen sulfide saturated brine 

in two phase agitated 140 F corrosion test (unin- 
hibited). 


The results of these laboratory inves- 
tigations are shown in the curves of Fig- 
ures 1, 2, 3, and 4. Figure 1 shows the 
relationship between corrosion and am- 
monium sulfide content at increasing 
ammonium chloride concentrations in 
uninhibited synthetic refinery waters. Re- 
finery accumulator waters usually contain 
only small amounts of chloride if a de- 
salter is in use, but in laboratory testing 
high chloride content is usually used to 
accelerate corrosion. Corrosivity is mag- 
nified tremendously with a 5 percent 

50,000 ppm) ammonium chloride brine. 

Figure 2 shows the relationship be- 
tween corrosion and initial pH in this 
system. The zero ppm ammonium chlo- 
ride curve shows an increase in corrosion 
rate as the initial pH increases with am- 
monium sulfide from 5 to 6.5, and then 
a decrease as the pH increases above 6.5. 
The maximum shifts from 79 mpy at 
pH 6.5 at zero ammonium chloride to 
215 mpy at about 7.5 pH with 5 percent 
ammonium chloride brine. At interme- 
diate concentrations of ammonium chlo- 
ride the maximum corrosion rates are at 
pH values between 6.5 and 7.5. 

The same result is apparent when plot- 
ting initial redox versus corrosivity in 
Figure 3 since redox increases with am- 
monium sulfide concentration in refinery 
waters. The maximum corrosivity from 
ammonium sulfide of the synthetic re- 
finery waters shown in Figure 3 is within 
the range of —-375 to —510 redox. The 
values between —375 and —200 reflect 
low ammonium sulfide content and low 
corrosivity. The corrosion rate at redox 
values more negative than —510 in this 
test is very low also, but this water is 
very high in ammonium sulfide content 
and fouling potential. 

Figure 4 shows the effect of pH and 
redox on corrosivity at the completion 
of the test and the shift in pH and redox 
that has taken place during the test in 
H.S saturated distilled water adjusted 
with hydrochloric acid or ammonium 
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Figure 3—Effect of initial redox on corrosivity of 

ammonium chloride hydrogen sulfide saturated brine 

in two phase agitated 140 F corrosion test (unin- 
hibited). 


sulfide. The maximum corrosivity point 
from ammonium sulfide has shifted from 
pH 6.5, redox —400, to pH 7, redox 
—430 mv. This maximum corrosivity 
point in the 5,000 ppm ammonium chlo- 
ride brine has changed to pH 7.9, redox 
—510. The 5 percent (50,000 ppm) am- 
monium chloride, H,S saturated brine 
maximum corrosivity point has shifted 
to pH 8, redox —515 mv. In these and 
all other curves presented in this work, 
oxidation- reduction measurements were 
made by use of a platinum-calomel elec- 
trode system. Thus these values are re- 
ferred to the saturated calomel electrode 
(Bicers 

Figures 2 and 4 show that below pH 
4, corrosion rate increases rapidly since 
hydrogen ion is controlling. The redox 
values associated with the pH _ values 
below 4 represent a more severe oxidizing 
condition than above pH 4. It is believed 
from oxidation-reduction titration data 
in sulfide solutions that the unpoised re- 
gion of the ferrous-ferric ion at low iron 
concentrations is about —250 to —350 
mv oxidation-reduction potential (EF...) ). 
As redox values become more positive 
than —250, the ferric ion concentration 
increases, and at zero mv (Eeai.), almost 
all of the iron is ferric. The accelerating 
effect of ferric ion in promoting corro- 
sion, is well known.® Operation of refin- 
ery equipment at redox values more 
negative than —250 mv in order to min- 
imize the ferric ion content of the efflu- 
ent water is indicated. 

Studies by Ewing! have shown that at 
pH values above 9.0 essentially no sulfide 
film is formed on an iron surface. It 
must be concluded that at these high pH 
values the iron surface becomes passive 
to sulfide attack, due probably to adsorp- 
tion of hydroxyl ions coupled with a 
chemical combination of the sulfide in 
the system. It follows that at very low 
pH values the hydrogen ion of the solu- 
tion dissolves the iron sulfide film or pre- 
vents it from depositing. 

The intermediate areas of pH and 
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Figure 4—Effect of final pH and redox on corro- 
sivity of hydrogen sulfide saturated water in two 
phase agitated 140 F corrosion test (uninhibited). 


redox are of interest in refinery corro- 
sion control since it is desirable to avoid 
both extremes in pH. Considering the 
area between 4.0 and 8.0 pH, corrosion 
has been found to be largely governed 
by the amount of sulfide present in the 
water phase of the system where it is 
available to enter into the corrosion re- 
action. The sulfide available in the hy- 
drocarbon phase is of little direct interest 
in the corrosion process since it is felt 
that this constitutes a reserve of sulfide 
available to the aqueous phase, but it 
contributes little to the direct corrosion 
of the equipment. 


In the presence of sulfide ion in syn- 
thetic refinery waters a measurement of 
redox constitutes a rapid measure of the 
amount of ammonium sulfide available, 
since in this case it is sulfide ion solu- 
bility which controls this value. Figure 5 
shows the influence of the addition of 
ammonium sulfide upon the electrode 
potential of two synthetic refinery waters. 

The curves of Figure 6 show the re- 
lationship between electrode potential 
and pH in ammonium sulfide solutions 
and in a typical refinery crude unit ac- 
cumulator water. It will be observed that 
the —250 to —350 redox range of lowest 
corrosivity in Figure 3 is attained be- 
tween pH values of 4.5 and 6.0 in a 





typical refinery crude unit water, but this 
will vary depending upon the nature of 
the charge stock to be processed and the 
processing conditions. It is possible to 
obtain various redox values at any given 
pH since exceptional redox conditions 
may exist in refinery waters as shown in 
Figure 6 as other ions may contribute 
to redox. Usually it is ammonium sulfide 
which controls this value. Unusual redox 
values may signal a severely corrosive 
condition. The redox values of synthetic 
refinery waters containing no ammonium 
sulfide even vary from —250 mv to 

290 mv, depending on concentration 
of ammonium chloride present. 
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5—Change in redox with ammonium sulfide concentration in hydrogen sulfide saturated ammonium 
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Figure 7—Influence of redox change on efficiency. 


Inhibitor Investigations 

The factor of redox enters into the 
practical aspect of the application of in- 
hibitors in corrosion control. Corrosion 
inhibitors are used in three general con- 
ditions and are classified by the condi- 
tions in which they are most effective. 
Those products effective in very low pH, 
strongly oxidizing conditions with redox 
varying from highly positive and satu- 
rated with oxygen to perhaps a hundred 
millivolts negative when containing hy- 
drogen sulfide are called ‘acid inhibi- 
tors.” “Rust inhibitors” generally function 
under a moderate oxidizing atmosphere, 
inhibiting against air, with redox values 
of the corroding solution as low as zero 
and up to several hundred millivolts pos- 
itive (Ecai.). Inhibitors for hydrogen sul- 
fide or strongly reducing conditions are 
used from pH 4 to 9 where redox varies 
from about —200 to values more nega- 
tive than —500 mv. 

Some inhibitor structures are effective 
in all three conditions, some in only two, 
and some only one condition. Generally, 
the most effective inhibitor in one con- 
dition is not the most effective in either 
of the other two general redox ranges. 

Some inhibitors have been found to 
be quite specific in response to both 
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redox and pH values. The influence of 
changing redox values at constant pH 
is illustrated by the curves of Figure 7 
in which the percent protection shown 
by three commercial inhibitors is plotted 
at various electrode potential values at 
constant inhibitor concentration and pH. 
These curves were obtained by use of a 
dynamic system in which an oil-brine 
mixture from a refinery was adjusted to 
pH 6.5 and redox varied using acetic 
acid, aeration, or de-aeration, hydrogen 
sulfide, ammonium hydroxide, and_ re- 
ducing agents. This mixture was treated 
with 150 ppm inhibitor and pumped past 
a metal plate. The amount of hydrogen 
evolved by the corrosion process as meas- 
ured through a thermal conductivity cell 
was taken as a measure of corrosion.!! 
Comparing these values with uninhibited 
ones allows the calculation of a percent 
protection figure. The values for percent 
protection can be somewhat misleading 
in that no actual accounting for the cor- 
rosiveness of the system is made. (A 
highly corrosive system may exhibit a 
high apparent protection value and still 
be quite corrosive.) This response is 
probably due to variations in the surface 
ionization characteristics of the metal 
which are determined in a large measure 
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Figure 6—Change in redox with pH in various 
ammonium sulfide solutions. 
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Figure 8—Influence of pH on efficiency. 


by the solution potential (redox). Simi- 
larly the inhibitors usually show a defi- 
nite response to pH conditions. 

Figure 8 shows the same inhibitors in 
their response to changing hydrogen ion 
concentration of the solution at constant 
redox. These curves were obtained by 
measurement of the total iron in solution 
in a dynamic system!! in which an oil- 
brine mixture from a refinery was ad- 
justed to the appropriate pH value and 
at a redox value of approximately —200 
mv. Adjustment was made by using the 
techniques and agents of the preceding 
test work along with hydrochloric acid 
and sodium hydroxide. The mixture was 
pumped past an iron plate. Protection 
was first established by the addition of 
the inhibitor, after which the inhibitor 
was discontinued. After four hours of 
contact with the uninhibited fluid read- 
ings were made and the curves plotted. 
This response might be predicted from 
the dissociation constant of the inhibitors 
at various pH levels. At the extremely 
low pH values only inhibitor salts are 
available for adsorption, while at the ex- 
tremely high pH values hydroxyl ions 
compete for the metal surface reducing 
the inhibitor effectiveness. In practice the 
pH and redox optimum conditions for 
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Figure 9—Inhibitor efficiency at various redox values in hydrogen sulfide 


saturated ammonium suitide solution in copper ion displacement test. Figure 10—Typical electrometric titration neutralization plot of 100 ml refinery 


crude unit accumulator water with 0.1 N hydrochloric acid equivalence pH 4.5. 
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TABLE 1—Effect of pH and Redox on Cor- 

rosivity of 5 Percent Ammonium Chloride 

H.S$ Saturated Brine in Two Phase Agitated 

140 F Corrosion Test with 200 ppm Corro- 
sion Inhibitor 








| Value 
Property Case 1 | Case 2 
Initial pH. ss <a. 55202. | 4.6 | 7.5 
Initial Redox..........| —305 | 490 
ppm (NH4)2S atcoat 10 3660 

“Corrosion Rate, mpy 
Inhibitor Used “Case 1 Case 2 
ER err ree * 215 
Inhibitor A.......... | 151 
FEEMCOE Te occ ss oe ‘ 4 135 
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an inhibitor shown above and for the 
unit may not be attainable, so that a 
compromise must usually be reached. 

The effectiveness of inhibitors at 
changing pH and constant redox; and 
constant pH-changing redox has been 
shown. Figure 9 illustrates the change in 
efficiency of one inhibitor by the copper 
ion displacement test!? in synthetic re- 
finery fluids adjusted with ammonium 
sulfide so that redox changes with pH. 
Here the —250 redox range requires less 
inhibitor to pass the test than at more 
negative redox values. 


This same point is illustrated in Table 
1 in which two filming amine inhibitors 
are more effective in the lower redox 
conditions. A third filming amine inhibi- 
tor that is effective in both redox condi- 
tions at this inhibitor rate is included 
also. 


Practical Application 


In practical application it has been 
found possible to select the optimum pH 
and redox control points from the pH 
and redox potential break values of elec- 
trometric titrations of the refinery crude 
unit accumulator water and a pH-redox 
survey of the unit. Figure 10 shows the 
electrometric titration plot of the typical 
overhead accumulator water from an at- 
mospheric crude unit. The plot shows the 
initial pH of the water, the buffered 
region from which the equivalent am- 
monium sulfide content is calculated, the 
equivalence pH, and the unbuffered pH 
range. Adjustment of ammonia injection 
to control slightly above the equivalence 
pH and redox of the crude unit overhead 


water gives operation in an area where 
the ammonium sulfide is minimized and 
the strong acid has been neutralized. In 
this typical plot the equivalence pH is 
4.5. The redox value in the plant at 
pH 4.5 is usually about —250 mv. The 
redox of the refinery water measured at 
the equivalence point during the electro- 
metric titration may be slightly more 
positive than —250 mv because of air 
stirred into solution. A pH-redox survey 
of the refinery as the rate of ammonia 
addition is lowered shows the sulfide con- 
tent in the refinery water. Selection of 
an inhibitor which has its optimum activ- 
ity in the —250 to —350 redox range 
for a typical refinery makes best use of 
the capabilities of the chemical when 
used at the minimum corrosion potential 
from ammonium sulfide or mineral acid 
of the system being treated. 


The application of this method to re- 
fineries can be illustrated by the follow- 
ing case histories. 


Refinery A 

Refinery A had a 24-month tube life 
in its atmospheric crude tower overhead 
exchangers, a location where black water 
contained considerable iron sulfide. This 
unit experienced many of the fouling 
problems reported by Ohio Oil Com- 
pany,®»® when operating at pH 7 to 8 
with a corrosion inhibitor concentration 
of 6 ppm. Refinery A lowered its con- 
trol point to pH 4.6, redox —240, using 
the same filming amine inhibitor and 
rate. At this operating condition it elim- 
inated its fouling black water, and corro- 
sion problems. The corrosion on ex- 
changer tubes on turnaround after a 17 
month run was nil. The saving in am- 
monia costs was $800.00 per month. 


Refinery B 


Refinery B had a corrosion rate of 50- 
60 mpy by carbon steel resistance probe 
measurements when running at pH 7.5, 
redox —480 with 6 ppm corrosion in- 
hibitor. Reducing the pH to 6-7, redox 
to —440 to —460, cut the corrosion rate 
in half. Further reduction to a control 
point of 5.5 pH, —400 redox, gave a 
4 to 7 mpy rate. A change to a differ- 
ent filming amine inhibitor at the same 
use rate further reduced this corrosion 
rate to the acceptable 2 mpy. pH and 
redox could not be lowered further since 
the overhead ammonia injection had 


been stopped completely. Savings in am- 
monia amounted to 3,000 pounds per day. 


Refinery C 

Low pH control was attempted in Re- 
finery C’s crude unit, even though the 
redox data on water there showed that 
unit should operate at pH 7 or above to 
obtain redox values more negative than 
—200 mv. After seven months operation 
with a corrosion inhibitor at about pH 
4.5, redox range —30 to positive, the unit 
had to be shut down from leaks in over- 
head exchangers. After repair the unit 
was operated at pH 6.5 to 7.5 about 
—250 redox. The corrosion rates by elec- 
trical resistance corrosion measuring de- 
vice probe have been nil since that time. 


Conclusions and Observations 


1. Corrosion in refineries can be re- 
duced by the proper use of organic 
inhibitors in optimum pH and redox con- 
ditions. 


2. Optimum conditions for operation 
can be determined by electrometric titra- 
tion and a consideration of the equiva- 
lence point together with a redox-pH 
survey in the plant. 


3. In practice operating at the opti- 
mum is often impractical; however, it is 
desirable to operate as near this point 
as possible with the existing equipment. 


4. Each refinery must be evaluated in- 
dividually since the operating conditions 
and crude charge stocks are not the same 
in any two refineries. 
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DISCUSSION 


Questions by A. J. Freedman, Nalco 
Chemical Co., Chicago, Illinois: 


1. It is generally accepted that at pH 
values less than 4, the primary cathodic 
reaction in the corrosion process is the 
reduction of hydrogen ions. At pH values 
above 7, reduction of oxygen or forma- 
tion of hydroxyl ion is most important. 
In the pH 4-7 range, both reactions com- 
pete. Would you care to speculate as to 
why corrosion rates should be a mini- 
mum in this area? 

2. How is formation of a tight, pro- 
tective scale affected by reactions in this 
region? 


Any discussion of this article not published above 


3. How does the sulfide ion concen- 
tration affect these reactions? 


Replies by C. B. Hutchison: 


The evidence presented is that corro- 
sion is at a minimum in the —250 mv 
redox potential area, and that the pH 
associated with this potential may be 4.5 
in one system or 7 in another, but not 
pH 4-7 disregarding redox. The paper 
shows that ammonium sulfide is very cor- 
rosive to iron below the concentration 
where hydroxyl ion is controlling, and 
that redox potential is used as a measure 
of ammonium sulfide concentration. In 
the optimum redox range ammonium 
sulfide is a minimum, and therefore, cor- 
rosion rates are also low. 

Protective sulfide film formation and 
the effect of additives in this film depo- 
sition have been the subject of an inves- 
tigation in our research laboratory which 
has been tentatively scheduled for publi- 
cation. We prefer to withhold discussion 
of this subject information until the 
paper is presented. 


Questions by Ralph P. Gulley, Gulf Oil 
Corp., Port Arthur, Texas: 


1. Does your information regarding in- 
hibitor performance in relation to redox 


will appear in June, 1962 issue 


Vol. 17 


potential apply equally well to copper 
base alloys? 


2. Do your case history references 
apply to overhead systems constructed of 
copper base alloys, such as admiralty and 
Monel? 


Replies by C. B. Hutchison: 


1. Yes. The adjustment of pH and 
redox potentials in overhead accumula- 
tor waters of crude units to optimum 
values eliminates the high concentrations 
of ammonium and sulfide ions that are 
corrosive to copper base alloys. High con- 
centrations of salts interfere with the ad- 
sorption and filming of some corrosion 
inhibitors, and the consequent protection 
obtained by their use. 


2. These case history references pre- 
sented are from refineries with admiralty 
tubes in the overhead condensers of their 
crude units. A reduction in copper con- 
tent of the accumulator waters was re- 
ported by the refineries changing from 
high pH and ammonium sulfide concen- 
tration to control conditions that mini- 
mized ammonium sulfide. 


NACE Guide for Preparation of Articles for Publication 


Persons interested in submitting articles on corrosion for publication in CORROSION can obtain upon 
request a copy of the “NACE Guide for Preparation of Papers.” Write to CORROSION, National 
Association of Corrosion Engineers, 1061 M & M Bldg., Houston 2, Texas. 
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Figure 1—General layout of Monstanto, Illinois, sewerage system. 
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Materials of Construction Tested 
For Chemical Plant Waste Disposal Facilities* 


Introduction 
HE PROBLEM of disposing of indus- 


trial wastes has received much public 
attention during the past 15 years. His- 
torically, the desire for laws regulating 
stream pollution has been the province 
of state and local sportsmen and conser- 
vation groups. The Water Pollution Con- 
trol Act of 1956 allows the federal gov- 
erment to join with state and local 
agencies. 

Monsanto Chemical Company, as most 
industries, had long accepted its re- 
sponsibilities and directed efforts in the 
preventive field of in-plant waste reduc- 
tion.’ Since 1959 it has operated a small 
activated sludge pilot plant and oxidation 
pond to determine the manner in which 
company wastes could be treated on a 
continuous basis and to collect design 
data.!+2 

This article will discuss the corrosion 
investigation conducted in this pilot 
plant, report test data and present the 
range of acceptable construction materi- 
als for all unit operations of a chemical 
plant waste disposal facility. 


Environment 

The W. G. Krummrich Plant of Mon- 
santo is located south of East St. Louis 
in Monsanto, Iillinois. All its wastes, in- 
dustrial and sanitary, are discharged to 
the Mississippi River through the Mon- 
santo village sewerage system. Two main 
trunk lines which pass through the plant 
% Submitted for publication March 14, 1961. A 

pene presented at the 17th Annual Conference, 
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also carry wastes from six other indus- 
tries and the sanitary sewage from the 
village of Monsanto. 

The Krummrich Plant produces basic 
chemicals such as hydrochloric, phos- 
phoric and sulfuric acids, chlorine and 
caustic, herbicides, insecticides, oil addi- 
tives and intermediates. Approximately 
100 different items are produced using a 
like number of different raw materials. 
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Figure 2—Wastes, directly from sewer, are sampled at pump tank. 


Abstract 


Data are reported on the results of tests 
to determine the range of acceptable con- 
struction materials for all unit operations 
of a chemical plant waste disposal facility. 
The investigation presented eeatreses the 
corrosion problems encountered in the 
biological treatment of chemical wastes, 
stream pollution abatement. The tests were 
conducted in a pilot plant installed to 
study the manner in which wastes could 
be treated on a_ continuous basis. This 
activated sludge plant and oxidation pond 
handled the liquid wastes from a major 
chemical plant along with those from an 
oil refinery, zinc plant, casting plant metals 
reclaiming operation, rubber reclaiming 
plant, fertilizer plant and domestic sewage. 
rhe corrosion study, directed toward crite- 
rion requirements for the design and eco- 
nomical maintenance of a full scale, op- 
erational secondary waste treatment plant, 
concludes with recommendations for con- 
struction materials. 3.8 


TABLE 1—Composition of Combined Mon- 
santo Village Sewage Before and After 
Activated Sludge Treatment 


Typist Data Be Data 


| 
| 
| Composite 
| 
| 


24-hour | ffluent 

| Sample Re- 

Sample Re- | moved After 

moved From | Final Set- 

Property Main Sewer | tling Tank 

WER se Scns ‘ 3. | 7.9 
Settleabie Solids. 2.5 mg/L 0.9 mg/L 
Suspended Solids 150 ppm 112 ppm 
Dissolved Solids 2500 ppm 2500 ppm 
Chlorides. ..... 600 ppm | 


600 ppm 


Total Acid. 300 ppm 


c OD : ; 700 ppm | 221 ppm 
BOD. 300 ppm | 90 ppm 
Phenol re 50 ppm 4 ppm 
Oil 25 ppm | 4 ppm 
Threshold Odor | | 

N&.. | 300 20 
Flow ...| 36x 10% gal/ 30 gal/min; 


day; 2-3 ft/sec. 5.2 ft/sec. 
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Figure 3—Overall view of waste treatment pilot plant. Wooden tanks on right Figure 4—Oxidation pond shown here has an area of 1/10 acre and a depth 
are neutralizer and hold tanks. Preliminary and final settlers are at left of 3 feet. Influent is at the left end and overflow at the right. 
center. Tank at left is aeration tank. 


Wastes from these operations along with TABLE 2—Results of Corrosion Tests in Main Sewer Pipe and 37 Foot Standpipe After 
wastes from an oil refinery, zinc plant, 
casting plant, metal reclaiming opera- 


tion, rubber reclaiming plant, fertilizer | Kennston af Average 
Sample In | Corrosion 
Sample Identification | Standpipe Rate 





plant and domestic sewage make up the 

composition of the wastes in the village - ———__—_—- — - 

sewers. All sewers join before reaching Steel a — =. aa | eo ot ae” 

the Mississippi River and discharge 20’ 3mpy | Pitting, rusting 

through a single outfall.1 Figure 1 shows p 30’ |_—(10 mpy | Pitting, rusting 

the general layout of the Monsanto vil- Cast Iron..... Bottom | 14 mpy | Graphitization 

lage Sewerage system. 20" pi Comasuation cell, pitting 
A typical range of composition of the 30’ 9mpy | Pitting, rusting 

system waste is shown in able 1.153 Lab- — pyuctite Cast Iron... sia | aban Scare pitting 

oratory determinations were made each 10’ 4 mpy | Severe pitting 

day on a 24-hour composite sample for +4 : ae eee eneioe 

the following: pH, settleable solids, sus- : = — es ats 

pended solids, dissolved solids, chlorides, Ni Resist } ~—_ ie 

total acid, chemical oxygen demand 20’ mpy | Pitting | 

COD), biological oxygen demand em 1 Re | er 

‘BOD), phenol, oil and threshold odor Ni Resist II. -| Bottom } mpy Pitting. intergranular etch 

number. Figure 2 shows the sampling 50 < ae Pittine. intergranular etch 

station. 30’ 2 mpy Severe pitting, intergranular etch, rusting 


Treatment Theory Chemical Lead | Bottom mpy | Pitting 
. Hi 10’ <1 mpy Pitting 
Activated sludge plants are a form of 20° ao | oe 
aerobic biological treatment of organi 30’ mpy Pitting 
waste materials. Liquid waste is aerated 80-20 Cu-Ni Bottom mpy | Pitting 
by bubbling air through the liquid. Micro- 10’ mpy | Pitting 
7 sa Rees AMER een 20/ <I mpy Pitting 
organisms form flocculent masses of aero- 30° Bie Pitting 
bic bacteria, called activated sludge, that ; 


; nied i no th 7 2SH Aluminum. Bottom mpy Severe shallow pitting 
are suspended in the liquid. 10’ mpy Light shallow pitting 


In plant operation, sewage is initially 20’ <I mpy | Light shallow pitting 
5 a a : 30’ <1 mpy Light shallow pitting 
presettled. The clarified effluent is con- eae koa . 
tacted with activated sludge microorgan- 20! Stainless Steel Bottom mpy | General light pitting, locally severe 


. : ; . 10’ <1 mpy General light pitting, locally severe 
isms while being vigorously aerated 20’ mpy General light pitting, locally severe 


which forms more activated sludge . 30° mpy General light pitting, locally severe 


The mixture is grav ity separated, with 202 Stainless Bottom 3 mpy Scattered locally severe pitting : 
sludge from this clarifier recvcled as 10’ mpy General light pitting, scattered deep pits 
, ; Ls ° ee ler 20’ <1l mpy General light pitting, scattered deep pits 
seed to the jological actix ity im the 30’ <1l mpy General light pitting, scattered deep pits 
aerator. There are at least two reactions mee 


. na - ; 304 Stainless Steel. ; Bottom <I mpy | Light pitting, intergranular etch 
that occur. Clarification by adsorption 10’ mpy | Light pitting to cratering 


takes about 30 minutes. Oxidation of 20’ <1 mpy Light pitting, scattered deep pits 
: : : ° . 30’ <I mpy | Light pitting, scattered deep pits 
organic matter in solution and in colloi- aeoee eee : Ses 
dal/suspended form, after adsorption, 316 Stainless Steel...... Bottom mpy | Incipient pitting 
% - ae a 10’ <I mpy | Incipient pitting 
takes several hours. 20’ mpy Incipient pitting 
Lagooning is the simplest method of 30 mpy Incipient pitting 





aerobic biol gical treatment of waste. Hastelloy B. ; Bottom mpy Pitting, intergranular attack, concentration cell attack 
Organisms usually develop naturally. al- | 10’ 2 mpy Pitting, intergranular attack, concentration cell attack 
. aren cae ig 20’ mpy Pitting, intergranular at tack, concentration cell attack 
though seeding of the pend may be ac- 30’ 2 mpy Pitting, intergranular attack, concentration cell attack 
. . . € | | 
complished with domestic sewage or 
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Figure 5—Flow diagram of waste treatment pilot plant. 


TABLE 2 (CONTINUED)—Results of Corrosion Tests in Main Sewer Pipe and 37 Feet 
a After 1819 Hours Exposure” 





Location of | 
Sample In Average 
Sample Identification Standpipe | Corrosion Rate Remarks 
—_——S$| |X ——_—_ | 
PR ioe soo VacFin nt eccc’s ; Bottom | <1 mpy | Light pitting, scattered deep pits 
10’ | 2 mpy | Light pitting, scattered deep pits 
20’ | 1 mpy Light pitting, scattered deep pits 
30’ 2 mpy | Light pitting, scatteres deep pits 
—— - — $$$ ______—__— ie ————$___— eee — 
1 tattle ‘aaa | a 
Monel. . | Bottom | <1 mpy | Light pitting, concentration cell 
| F | 1 mpy | Severe cratering 
20’ | <1 mpy | Light pitting, concentration cell 
30’ <1 mpy | Severe pitting, intergranular attack 
et ae fae eee | as ed = 
| 
Polyvinyl C hloride, Type II | Bottom | + 0.3 P. C. W. (e)} ‘tenes, aneveds elena d oles 
| F + 0.004 Warped, absorbed odors 
20’ | + 0.07 s Warped, absorbed odors 
| 30’ + 0.027 * Warped, absorbed odors 
Polyviegtiiees Cc hloride _..| Bottom + 0. 26 - | Softened, warped, absorbed odors 
10’ Ts ak: |: | Softened, warped, absorbed odors 
20’ + 0.03 “ | Softened, warped, absorbed odors 
a 30’ | — 0.01 2 Softened, warped, absorbed odors 
| aaa — 
Acry lonitrile Butadie ne Copolymer| Bottom - 0.41 Softe and: warped, abode odors 
, + 0.3 a Softened, absorbed odors 
30’ - 0.2 Absorbed odors, no degradation 
Neoprene Bottom +30 * Jellie ts mass material 
10’ +14.6 as | Softened, swelled, sticky, absorbed 
20’ + 2.7 | Distorted, absorbed odors 
30’ - 0.01 Slight swelling, absorbed odors 
Chlorosulfonated polyethylene Bottom +35 Softened, swelled, absorbed material 
10’ | +13.4 = Softened, swelled, absorbed material 
20’ + 3.5 3 Softened, absorbed odors 
30’ + 0.003 * Absorbed odors 
Red Rubber Bottom +41 Softened, swelled, absorbed material 
10’ +13 - | Softened, swelled, absorbed material 
20’ + 5 ; Softened, swelled, absorbed material 
30’ + 0.2 ~ Absorbed odors 
Polyethylene ‘ Bottom + 7.2 : Sticky, darkened, absorbed odors 
10’ + 7.4 Darkened, abserbed odors 
20’ + 4.3 = Darkened, absorbed odors 
30’ | + 0.01 es Darkened, absorbed odors 
Polytetrafluoro Ethylene. . ..| Bottom is ....... | Absorbed odors 
Pine (Phenolic Treated) Sas Bottom + 0.5 hi Absorbed material, leaching of soft wood 
10’ + 1.8 Absorbed material, leaching of soft wood 
20’ + 1.8 Absorbed material, leaching of soft wood 
30’ 1.4 Absorbed odors, bleached 
Pine (Furan Treated) Bottom — 0.6 . Absorbed material, leaching of soft wood 
10’ + 1.1 Absorbed material, leaching of soft wood 
20’ } + 1.2 Absorbed odors, surface cracking 
30’ 1.2 Absorbed odors, bleached 





(a) ‘Sheeht level in standpipe (river stage) dustee test av smite 14 foot-20 foot above 4 foot dhieudien sewer pipe. 
(b) Surface of liquid in standpipe covered by an oil layer. 
(©) Percent change by weight. 
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Figure 6—Raw waste, lifted from the sewer by a hydraulic ejector in the 
standpipe (right foreground), is discharged into the pump tank (upper center). 


treatment plant effluents. Oxygen is ab- 
sorbed at the surface from the atmos- 
phere and also results photosynthetically 
from plankton or algae.* Considerable 
land area is needed because ponds must 
be shallow and require retention up to 
90 days to react. During this time some 
solids settle, some liquid may be ab- 
sorbed into the ground and additional 
purification could come from spontaneous 
chemical reactions in the wastes. 


Aerobic biological treatment is sensi- 
tive to poisoning by germicides and heavy 
metals. Both toxic materials are present 
in the Monsanto village sewage but ex- 
perience has shown that the wastes can 
be treated successfully. Further informa- 
tion is available in other reports.® ® 7)§ 

The activated sludge pilot plant used 
by the author’s company is shown in 
Figure 3. The associated oxidation lagoon 
is pictured in Figure 4. Figure 5 shows 
the flow sheet of the complete system. 
The waste was pumped from the sewer 
at a point near the river, to a pump 
tank shown in Figure 6 (a pump off this 
tank supplied the power to an ejector 
located in the bottom of a 37 foot deep 
sewer standpipe). The waste drained 
through a stainless steel weir box which 
controlled the overflow to a 2000 gallon 
wooden neutralizer tank. The waste was 
neutralized with lime, preaerated, over- 
flowed to a 2000 gallon agitated wooden 
hold tank and the wastes were blended, 
(see Figure 7). This material was pumped 
to a second stainless steel weir box, which 
controlled the overflow to both a primary 
settling tank of steel, 3 ft. diameter, and 
to the lagoon, one tenth acre in size and 
three feet deep, shown in Figure 4. From 
the primary settling tank the effluent 
flowed by gravity to an aeration tank of 
steel, 6 feet x 6 feet, shown in Figure 8. 
Later the material overflowed to a final 
settler, again a 3 ft. diameter steel tank 
where the biological solids were re- 
moved and pumped back to the aera- 
tion tank for seed. The purifier effluent 
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Figure 7—Neutralizer/pre-aeration tank (far right). Hold tank is second ; F F 
from right. Figure 8—Top view of aeration tank. 


overflowed from the settling tank to the TABLE 3—Results of Corrosion Tests in and Above Main Effluent Sluice, Pumping Station, 
river. 3096 Hours Exposure‘ 
One full scale secondary waste treat- : 


ment plant has been built from data Location | Average Corrosion | 


secured from pilot plant studies. This Sample Identification of Sample Rate, mpy Remarks 


unit, at the Monsanto plant at Anniston, — Gray Cast Iron Liquid 26.4 Pitting 
Alabama, is responding to the perform- Vapor‘ 20.8 Pitting 
ance anticipated from the pilot plant Ni Resist I hore | Liquid 9 
studies.' % Vapor 5.3 


Ni Resist D II ichiiaee Liquid b Pitting 


or . « > ~ o. 
Experimental Procedure Vapor 


Metallic corrosion specimens were pre- 
pared from commercial sheet stock, saw 
cut oversize and then machined to a - 
nominal size of % inch x 1 inch x 2 Bronze, Commercial : hese 5 eee cell attack 
inches with a 3g-inch diameter support : 
hole drilled near one end. Sensitized 
specimens were made by welding two 
sheets together, the weld being the longei 
axis of the completed coupon. All sam- a oe = F 
ples were polished to a 120 grit finish Bronze, Ni Vee Type B oy > Seen nent cell attack 
and hand stamped for identification. 


90/10 Cu-Ni......5.. ‘ Liquid | Profuse incipient pitting 
Vapor i | Profuse incipient pitting 


Bronze, 10% Al-5% Ni Liquid 5.£ Incipient pitting 
Vapor 


Bronze, Ni Vee Type A Liquid 6 Slight concentration cell attack 
Vapor 2.2 


ia i ; Monel Liquid a Incipient pitting 
The size of non-metallic corrosion spe- Vapor 26 | Pitting 


cimens were 2-3 times the 5.5 square inch as ae 
. | Ni-O-nel Liquid 
area of the metal coupons. They were Vapor 
exposed in an “as-received” condition. ToT : rs EF : 
I a 304 Stainless Steel Liquid <0.1 Pitting; crevice attack 
All specimens, except concrete, were Vapor 0.1 Pitting; incipient crevice attack 
electrically insulated and separated from 316 Stainless Steel Liquid <0.1 
each other and from their support hold- Vapor <0.1 
ers by the use of machined fluoroc arbon — pyurimet 20 | ene <0.1 
sleeves, washers and spacers. Concrete Vapor <0.1 
samples were set in the bottom of the 


exposure. ®) Joint test with International Nickel Co. for U.S. Engineers, St. Louis District; Evaluations by A. J. 
: 7 d : ° Marron, Inco. 
( upon exposures were made in the b) Vapor exposure, in atmosphere, 2 feet above liquid effluent. 


TABLE 4—Results of Corrosion Tests in Liquid and at Interface‘’’ of Pilot Plant Pump Tank (1416 Hours 
Exposure) 


Location of 
Sample Identification Sample Average Corrosion Rate Remarks (Examination at 1X, 5X, 40X) 


Steel Liquid 24 mpy Severe pitting and conc. cell attack 
Interface 39 mpv Severe pitting and conc. cell attack 


304 W Stainless Steel ‘> Liquid <I mpy Severe conc. cell attack 
Interface <1 mpy Severe conc. cell attack 


316 W Stainless Steel ‘ Liquid No attack 
Interface No attack 


Carpenter 20 W Liquid No attack 
Interface No att*ck 


Bronze, ASTMB 144 Lead/Tin g Liquid 1 mpy Uniform shallow pitting 


Polyester, modified carbon filled, glass fiber reinforced ; Liquid +0.02 Weight Percent Change No attack 
Interface +-0.09 Weight Percent Change No attack 


Concrete, air entrained, 3000 psi (min Liquid Severe attack on cement 


*) Samples exposed at liquid/vapor interface. 
b) W designates welded sample. 
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tion, 
Figure 9—Concrete before and after exposure in pump tank, neutralizer, aeration, final settler and lagoon. 
ck 
ck 
ck 
& NEUTRALIZER 
BEFORE 
EXPOSURE 
ck 5; 
Figure 10—Concrete before and after exposure in pump tank. Note damage. Figure 11—Concrete before as Sonn in neutralizer, aerator and 
inal settler. 
A. J 
7 . ¢ ° e (t 
TABLE 5—Results of Corrosion Tests in Liquid and at Interface“ of Pilot Plant Neutralizer,‘ 1488 Hours 
Exposure 
urs a 
Sample Location Rate Remarks 
Steel : Liquid 56 mpy Severe pitting and concentration cell 
Interface 1 mpy Light pitting, locally moderate 
x) 304 W Stainless Steel’) Liquid <1 mpy No attack 
Interface <1 mpy No attack 
316 W Stainless Steel Liquid <1 mpy No attack 
Interface <1 mpy No attack 
Bronze, ASTMB 144 Lead/Tin Liquid <1 mpy General shallow pits 
Interface <1 mpy General tiny pits 
Yellow Pine (Phenolic treated) Liquid + 9.45 Weight Percent Change Absorbed material, leaching of soft wood 
Interface +10.98 Weight Percent Change Absorbed, some splitting 
Yellow Pine (Furan treated) Liquid Jeight Percent Change Absorbed material 
Interface ‘eight Percent Change Absorbed material 
Redwood Sass , Liquid + 6.38 Weight Percent Change Bleached, absorbed material 
Interface + 5.15 Weight Percent Change Bleached, absorbed material 
Concrete, air entrained, 3000 psi (min Liquid No attack 


*) Samples exposed at liquid/vapor interface. 
») Agitated with 2 turbine impellers at 90 RPM, 2 diagonally vertical baffles in tank. 
©) W designates welded sample. 
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pilot plant at eight test stations, loca- 
tions shown on Figure 5. Samples were 
tested in the pilot plant and lagoon from 
1409 to 3096 hours; two coupons were 
exposed in the lagoon for only 406 hours. 

After exposure, the metallic samples 
were cleaned of wastes, and products of 
corrosion, washed with detergent and 
acetone, dried and weighed. Corrosion 
rates were calculated from weight loss. 


All coupons were examined with the 
naked eye for obvious defects and studied 
under the microscope at 5X and 40X. 
Plastic and wood samples were washed 
with warm water, dried with absorbent 
paper/cloth and weighed before they 
could dry out. These samples were again 
examined after they were dried to a 
constant weight. Concrete samples were 
washed and examined. 


TABLE 6—Results of Corrosion Tests in Discharge Pipe Line from Hold Tank Discharge 
Pump, 1409 Hours Exposure 


Sample Identification Rate, mpy 


Steel j 21 
304 W Stainless Steel‘) <1 


316 W Stainless Steel. . | <1 
Carpenter 20 


Bronze, Lead/Tin ASTMB 
144 ‘ 


Average Corrosion 


Remarks (Examination at 1X, 5X, 40X) 
Severe pitting, moderate concentration cell 
Slight concentration cell 
No attack in 


No attack 


Gross shallow pitting, moderate concentration cell 


‘*) Pump ‘discharged at 30 gpm, 5.2 fps pipe line flow over samples. 


(») W designates welded samples. 


Vol. 17 


Results and Discussion 

Results of all corrosion tests are tabu- 
lated in Tables 2 through 9. Corrosion 
rates and types of corrosion are reported. 
These latter observations can be con- 
trolled over the corrosion rates, per se. 
At the same time, it is no more reason- 
able to say that only those materials 
showing uniform attack can be consid- 
ered for engineering application than it is 
to accept only those with low corrosion 
rates. Consider the following example. 
Type 304 stainless steel suffered less 
than a mil penetration per year in every 
exposure series, yet in only the neutral- 
izer tank, Table 5, was the material 
without pitting or concentration cell 
damage. Though a material may be 
known to have excellent resistance, as 
Type 316 stainless steel, a material hav- 
ing a higher corrosion rate may be more 
economically suitable for tank construc- 
tion. 

The before and after condition of con- 
crete tested in the pump tank, neutralizer, 
aeration, final settler and lagoon are 
shown in Figures 9, 10 and 11. 


TABLE 7—Results of Corrosion Tests in Liquid and at Interface of Pilot Plant Aeration Tank, 1488 Hours 


Sample Identification 


Steel. . 

304 W Stainless Steel ‘> 

316 W Stainless Steel 

Bronze ASTMB 144 Lead/Tin 
Yellow Pine (Phenolic treated). 
Yellow Pine (Furan treated) 
Redwood 


Concrete, air entrained, 3000 psi (min).. 


‘@) Sample exposed at liquid/vapor interface. 
(b) W designates welded sample. 


Exposure 





Location of 
Sample Average Corrosion Rate 
62 mpy 
4 mpy 


Liquid 
Interface 


Liquid mpy 
Interface | mpy 


Liquid mpy 
Interface | mpy 


Liquid | mpy 
Interface mpy 


Liquid 


Liquid 1 
Interface 1 


Liquid 
Interface 


Liquid 


10.8 Weight Percent Change 
Interface | 8.9 Weight Percent Change 


7.31 Weight Percent Change 
3.05 Weight Percent Change 


5.08 Weight Percent Change 
5.16 Weight Percent Change 


Remarks (Examination at 1X, 5X, 40X) 


Uniform loss plus pitting ; 
Severe pitting and concentration cell 


Destructive concentration cell 

No attack 
No attack 

No attack 


Shallow pitting 
Shallow pitting 


Absorbed material, some splitting 
Absorbed material 


Absorbed material, some splitting 
Absorbed material 

Grey, absorbed material, split 
Grey, absorbed material, split 


No attack 


TABLE 8—Results of Corrosion Tests in Liquid and at Interface‘*’ of Pilot Plant Final Settler Tank, 1563 


Sample Identification 


Steel 

304 W Stainless Steel'»? 

316 W Stainless Steel 

Bronze, ASTMB 144 Lead/Tin 


Yellow Pine (Phenolic treated 


Yellow Pine (Furan treated 
Redwood. 


Concrete, air entrained, 3000 psi (min).... 


‘®) Sample exposed at liquid/vapor interface. 
(») W designates welded specimen. 
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Hours Exposure 


Location of 


Sample | 


Average Corrosion Rate 


Liquid 4 mpy 
Interface 3 mpy 


Liquid <1 mpy 
Interface <1 mpy 


Liquid mpy 
Interface <1 mpy 


Liquid mpy 
Interface mpy 


Liquid 
Interface 
Liquid 
Interface 


Liquid 5.29 
Interface 9.05 


Liquid 


8.87 Percent Weight Change 
10.04 Percent Weight Change 
18.97 Percent Weight Change 
10.61 Percent Weight Change 


Percent Weight Change 
Percent Weight Change 


| Remarks (Examination at 1X, 5X, 40X) 


Pitting, severe concentration cell 

Deep pits, concentration cell 

Severe concentration cell 

Severe concentration cell 

No attack s 

Several isolated deep pits 

General 

General 

Bleached, absorbed material, leached 

soft wood ; 

Bleached, absorbed material, leached 

soft wood 

Same as phenolic treated + splitting 
Same as phenolic treated + splitting 


Same as phenolic treated pine 
Same as phenolic treated pine 


No attack 





a a ae a ae ae 
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Conclusion TABLE 9—Results of Corrosion Tests in the Inlet to and Discharge from the Pilot Plant 
9 
sbu- An activated sludge waste treatment Ae eRe ay rey ae: _aees ee eens : — 
sion plant can be built of economical,!° com- =~ ; he ae eo 3 me abel ; 
- . . 2 , Percent Remarks 
ted. mercially available construction materi | Sample Senedee Weight (Examination oA 
con- als. Table 10 lists acceptable materials Sample Identification | Location | Time (Hrs.) | Change X) 
’ 8. for equipment, pipe and fittings for each Polyester, modified carbon filled, Inlet | 406 +0.04 | Noa No attack 
son- unit operation of the biological treatment glass fiber reinforced | Outlet | 406 +0.13 | —_ Noattack 
rials facility. While some specific selections Concrete, air entrained, 3000 psi (min)| Inlet 1261 | aaa | No attack 
sid- will vary from one industrial waste treat- | Outlet 1261 Bas No attack 
it is mente instal loranotier, Wie \envitGh> (= eee 
sion ment reported in this test is composite 
ple. enough to allow most of the results to be TABLE 10—Recommended Materials of Construction for All — Operations of an 
less accepted as a guide for design. NSLS te 2 peg Wnee aera ree 
en? E ENT** ss--aht ae 
ral- Acknowledgment ee EQUIPMI oe OS. SON 
rial The author thanks E. G. Wood, Ma- Unit Operation | Piping | Valves | Pumps Tanks | Basin 
cell terials Engineer, and B. L. Buatte, Engi- Raw sewage......... fsa | A, B, F,G, | A,B,C, D,| A,B,C, D,| A,B,F,G,| F 
be neering Aide, Monsanto, for their assist- ; 1 E,1,L | E,L I 
, as ance in the conduct of tests. Appreciation —_ Neutralizer Hold tank Primary Settler... A, B,G.H, | A,B.C,J | A,B,C,J | A,G,H,K| H 
av- is also extended to P. B. Hodges, Waste Sees ea J.K 
1ore Control Engineering Specialist and C. N. Aeration tank Final Settler... ..| A,G,H,K | A.C | A. € | A, G, H, K | 
ruc- Stutz, Sanitary Engineer, for their coun- = ot ae 
. : DE bo cence caccceeks | F,H 
sel on waste treatment plant design and | 
. = Jeration. = EEE ————— ————— —— = —S 
ire a : These data summarize the re waite shown in Tables 2 2 Geil 9. 
’ ** Types of Material: A 316 Stainless Steel G — Pine, treated 
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Use of Aluminum for Portable 
Sea Water Distillation Equipment” 


By RICHARD J. GAINEY 


Introduction 

ELF-CONTAINED portable sea water 

distillation equipment for military 
field use became a major requirement 
during World War II. Today all of the 
armed services recognize a potential need 
for such equipment. 

Current standard military distillation 
equipment is fabricated chiefly from 70- 
30 or 90-10 cupro-nickel. An alternate 
material of construction is required be- 
cause it is anticipated that in the event 
of mobilization of the military forces, the 
requirement for nickel for missile or air- 
craft use would be so great that nickel 
would not be available for distillation 
equipment. Also, in the newer concepts 
of military tactics, the emphasis is on 
small groups with lightweight equipment. 


Background 

The selection of aluminum for investi- 
gation for this purpose was also influ- 
enced by the work of W. F. Langelier 
and others at the University of Califor- 
nia.t While under contract with the U. S. 
Army Engineer Research and Develop- 
ment Laboratories, they did research on 
the causes of and prevention of scale in 
sea water distillation equipment. In the 
course of their studies they fitted a 
cupro-nickel unit with an Alclad alumi- 
num evaporator in the hope of elimi- 
nating trace amounts of copper in the 
distilled water from cupro-nickel units. 
After 3,090 hours of operation they ob- 
served that the corrosion was uniformly 
distributed over the entire surface and 
that the penetration rate was 0.011 inch 
per year of continuous service. It was 
concluded that by assuming a specified 
tube-wall thickness of 0.109 inch, an 
Alclad 3S evaporator could be operated 
for several years under normal conditions 
without tube failure, and that such an 
evaporator should outlast several gasoline 
engines employed in driving the com- 
pressor. 

Experimental Unit 

To obtain additional information and 
experience in using aluminum alloys, 
USAERDL had an experimental vapor 
compression unit fabricated; this unit 
was tested on sea water at Kindley Air 
Force Base, Bermuda. The heat exchang- 
ers, evaporator-condenser, and _ intercon- 
necting piping were fabricated of Alclad 
3003 and Alclad 3004. The feed water 
strainer, pumps, steam compressor, and 
some control valves were fabricated of 
bronze or other copper alloys.” 

The performance of this first alumi- 
num unit on sea water was entirely 
unsatisfactory. Although the heat ex- 
changers failed completely within 200 
hours because of extensive pitting, the 


% Submitted for publication March 14, 1961. 
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evaporator was unaffected by corrosion 
thus confirming the results obtained by 
Langlier. The heat exchangers were of 
the concentric tube type and contained 
many “dead spots” which permitted set- 
tling out of suspended solids. The corro- 
sion products of aluminum are bulky and 
tend to accumulate in any quiescent area. 
Scale and corrosion products, loosened 
and circulated during the acid cleaning 
process, were lodged in the annular 
spaces of the heat exchangers. Copper 
was found on many parts of the equip- 
ment after disassembly of the unit. 

The source of copper contamination 
was determined by analysis of water at 
various stages. Results are shown in 
Table 1. These results show that the cop- 
per content increases markedly after sea 
water has passed through the bronze feed 
water pumps. Aluminum is anodic to 
most metals in aqueous solutions and it is 
well known that very severe galvanic 
action is likely to occur in the presence 
of copper-base alloys. The amount of 
copper normally present in sea water is 
between 0.001 and 0.01 mg/1 which is 
below the level of detection by the ana- 
lytical procedure used. 

The first aluminum distillation was not 
considered a full success because of pit- 
ting in the heat exchangers due to the 
use of copper equipment. The amount of 
copper in sea water was considered ineg- 
ligible, and even 0.60 mg/1, as found 
entering the evaporator, is not great. But 
when the equipment was examined after 
the test, deposits of copper were found 
in the bottom of the evaporator and in 
some parts of the heat exchangers. It 
was concluded then that the accumula- 
tion of copper in the equipment after 
several hours of operation resulted in 
severe galvanic corrosion of the alumi- 
num heat exchangers. It was assumed 
that the evaporating surfaces were not 
pitted due to the protection of the evap- 
orator scale formed on the evaporator 
tubes. 


Engineering Test Unit 

A second distillation unit was designed 
and fabricated to take advantage of the 
information gained from testing the ex- 
perimental unit on sea water. The major 
differences between the two models were 
the exclusion of all copper from contact 
with the feed water system and tube 
and shell heat exchangers were used in- 
stead of the concentric tube type. This 
all aluminum distillation unit followed 
conventional vapor compression distilla- 
tion design with only modifications made 
necessary by the use of aluminum 
(Figures 1 and 2). A special lightweight 
aluminum skid was fabricated for this 
application and a lightweight aluminum 
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Abstract 


Tests of 2000 hours duration were made to 
determine the suitability of aluminum as 
a cupro-nickel substitute in the fabrication 
of military sea water distillation equip- 
ment. It was found that with careful 
design and the elimination of copper alloys 
from the system, aluminum heat exchangers 
showed satisfactory corrosion resistance 
under tests conditions. Data reported in- 
clude sources of copper contamination in 
system, alkalinity of sea water at Wrights- 
ville Beach and Dayton Beach test areas, 
plus analyses (chlorides, copper, aluminum) 
of sea water, compressed steam, distilled 
water and blowdown. 7.6.8, 6.4.2, 4.6.11 


and canvas canopy was used to protect 
the equipment from the weather. The 
unit weighed 2800 pounds and was rated 
at 125 gallons per hour. 

The combination evaporator-condenser 
provided 282 sq ft of heat exchanger 
surface and was fabricated of 3003 and 
6061 aluminum alloys. The tubes and 
shell were 3003, Alclad on the sea water 
side only and the 34-inch tube sheets 
were 6061, Alclad both sides. 

The heat exchangers were of the con- 
ventional one-pass, tube and shell type 
and were arranged in such a manner that 
sea water and brine flowed through the 
tubes and only distilled water flowed 
through the shells. The heat exchanger 
tubes, fabricated also of 3003 Alclad 
inside, were held to a small size, % inch 
OD, in order to provide sufficient ve- 
locity of flow to prohibit settling of any 
corrosion products. A vent condenser and 
engine oil heat exchanger of similar de- 
sign were also provided. A water cooled, 
4 cylinder gasoline engine was provided 
as a power source. The engine cooling 
system was connected to a feed water to 
engine water heat exchanger fabricated 
of the same material as the other heat 
exchangers. The engine was not con- 
sidered a source of corrosion because the 
cooling system was a closed cycle. 


TABLE 1—Sources of Copper Contamination 


Sample 


Copper, m¢/1 
| 0.00 


Sea water, dip sample............. 
Feed tank, after raw water pump... 1 
After feed pump 6 
Blowdown from evaporator........ 0. 
Distillate li 
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Figure 1—Experimental 125 GPH vapor compression aluminum sea water distillation unit. 
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Figure 2—Schematic flow of distillation unit shown in Figure 1. 


The sea water feed pump was of the 
positive displacement with Type 316 
stainless steel pump body, neoprene im- 
peller, and fluorocarbon packing. The 
distilled water pump was a turbine-type 
pump also fabricated of Type 316 stain- 
less steel. 

The steam compressor provided the 
only important source of copper con- 
tamination in the distillation unit. An 
effort was made to obtain a suitable 
compressor fabricated of non-copper ma- 
terials but none was immediately avail- 
able. A review of the galvanic series 
indicated that a sacrificial aluminum 
element might remove copper from the 
compressor discharge steam, even though 
the quantities involved were extremely 
small, less than 1 mg/1. Prior experience 
had shown that this small amount of 
copper might result in pitiing of the 
exterior surfaces of the evaporator tubes. 
Accordingly, a small chamber fitted with 
an expendable alloy 5056 aluminum mesh 
was installed in the steam discharge line 
to evaluate the possibility of removing 


any copper picked up by the steam from 
the bronze steam compressor. 


First Test On Sea Water 

Through the courtesy and cooperation 
of the International Nickel Company, a 
test area was made available at their 
Harbor Island Marine Test Laboratory, 
Wrightsville Beach, N. C. The equip- 
ment was transported to Wrightsville 
Beach and put into operation within 100 
feet of the shore line. The aluminum 
distillation unit was operated 24 hours 
per day, six days per week on full 
strength sea water. The evaporator scale 
was removed approximately every 100 
hours with citric acid in order to clean 
evaporator tubes exposed to the boiling 
brine. Approximately 20 pounds of gran- 
ular citric acid were added directly to 
the evaporator through the drain opening 
while the equipment was in full opera- 
tion. When the evaporator blowdown in- 
dicated that no more acid was being 
neutralized by the scale, which took 
about 15 minutes, the evaporator was 
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TABLE 2—Average Analyses of Samples 
Taken During Sea Water Tests at Wrights- 
ville Beach, N. C. 
























Amount, 

Source m@g/1 
Sea Water: 

SENS 5 Sn Sacecs oeend asa 114 

Sere ian 17,989 

GEL gy ind Sc merical sels ne 0.02 

MT ois 5 6 tect cus Bees 0.05 
Compressed Steam: 

Copper... : 0.35 

Aluminum... 0.27 
Distilled Water: 

ye en ree 5.3 

WNC a evo gc a-ct cc doerceeas 12.2 

Cri. 0c clea’ ost 0.006 

PUR is cacy: eat ‘3 0.06 
Blowdown: 

REINS wie cncses an 91 

oa js coara. ace. o's eae ‘ 51,691 

er en re owes 0.03 

Aluminum............. arg eaal 0.27 
= — = ————————————— —SEES 


TABLE 3—Average Analyses of Samples 
Taken During Sea Water Tests at Daytona 
Beach, Florida 





Amount, 
Source | m¢/1 
Sea Water: 
PRS o's a No 8 2a 0 ee aaa 129 
Co RENE a .-| 19,493 
I ao ons oot boreg tease 0.023 
Aluminum....... i Sate tera be | 0.014 
Compressed Steam: 
COMM 6.0 cbrin ess 0.42 
Aluminum.... 0.13 
Distilled Water: 
Alkalinity........ ce eteeeeeeeel 7.7 
CRIBS ccc cess : sarc 10.7 
Copper..... bandanas | 0.008 
Aluminum.... tea a 0.012 
Blowdown: | 
Alkalinity. . 108 
Chlorides..... a | 48,592 
CR a shcedind 0.03 
Aluminum. 0.23 


drained, flushed, and put back into op- 
eration. No attempt was made to remove 
any scale from the heat exchangers dur- 
ing the test but the blowdown heat ex- 
changer was subjected to the citric acid 
because some of the hot brine containing 
the acid drained through this heat ex- 
changer during the descaling operation. 

Operating data were collected hourly 
during the test and chemical analyses 
were made of the feed water, distilled 
water, brine, and compressor discharge 
steam one or more times per day. The 
analyses of the compressor discharge 
steam were made to determine the 
amount of copper picked up by the 
steam passing through the bronze com- 
pressor. 

All analyses were made in accordance 
with the APHA “Standard Methods for 
the Examination of Water, Sewage, and 
Industrial Wastes,’ except that a direct 
reading colorimeter was used for colori- 
metric determinations of copper and alu- 
minum. The averages of many analyses 
are shown in Table 2. 

During the operation of the equipment 
it was found necessary to replace the ex- 
pendable aluminum mesh in the steam 
line each 50 hours. At the end of this 
50 hour period the aluminum mesh had 
deteriorated to a considerable extent in 
certain spots. The success of this method 
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of removing small amounts of copper 
from the steam is illustrated by noting 
that the amount of copper in the steam 
discharge averaged 0.35 mg/1 but only 
a few samples of distilled water contained 
any measurable amount of copper and 
the average was 0.006 mg/1. If the alu- 
minum mesh had not removed the copper 
from the steam, the distilled water would 
have contained the 0.35 mg/1 found in 
the steam from the compressor. 


After 713 hours of operation on sea 
water the equipment was returned to the 
Laboratories and disassembled for inspec- 
tion. The evaporator tubes were clean 
and bright with no evidence of corrosion. 
The heat exchangers showed no pitting 
or other type of corrosion and an almost 
complete absence of any scale. The 
blowdown heat exchanger, which was 
subjected to high concentrations of citric 
acid during the descaling operations, was 
also free of any evidence of corrosion. 

The only corrosion noted within the 
equipment was on the evaporator tube 
sheet within the areas close to and under 
the flange gaskets. In these areas the 
corrosion was not present in small pits 
as might be expected, but was in the 
form of depressions in the cladding of 
the 34 inch Alclad tube sheet. Ap- 
parently, the cladding acted as a sacri- 
ficial material which protected the core 
metal of the tube sheet. The corrosion in 
this area was attributed to “poultice 
type” action of the stagnant water under 
the gasket. 

The only other corrosion in the unit 
was noted in the short piece of alumi- 
num pipe between the bronze steam com- 
pressor and the copper removal device. 
No corrosion was found down stream 
from the expendable aluminum mesh. 


Second Test On Sea Water 

The equipment was ressembled without 
any repairs except for the replacement 
of the evaporator gaskets. The Office of 
Saline Water, Department of Interior, 
provided the use of part of their Solar 
Distillation Test Station located near 
Daytona Beach, Florida for an extension 
of the test on sea water. The sea water 
here was full-strength and differed from 
Wrightsville Beach, 
N. C., only in that it contained a con- 


the sea water at 
siderable amount of organic material and 
marine organisms. 

The equipment was again operated on 
a 24-hour per day, six days per week 
basis with hourly operating data collected 
and chemical analyses performed at least 
once per day. A summary of the chemi- 
Table 3) shows that the re- 
sults were very similar to results obtained 
at Wrightsville Beach. Here again the 
significant figures are the 0.42 mg/1 of 


cal analyses 


copper in the steam compressor discharge 
and only 0.008 mg/l average copper in 
the distillate. This 


information again 


shows that practically all copper intro- 


duced into the steam by the bronze com- 
pressor was removed by the aluminum 
mesh before the steam was condensed in 
the combination evaporator-condenser. 


528t 


CORROSION THROUGH 
CLADDING 


TUBE SHEET 
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GASKETED CLOSURE 
ABOVE TUBE SHEET 


TUBE FLUSH 
WITH TUBE SHEET 


Figure 3—Corrosion of cladding on evaporator tube sheet near closure shown in A; method of preventing 
such corrosion shown in B 


Final Inspection 

After 1,469 hours of operation at 
Daytona Beach, or a total of 2,182 hours 
on sea water, the unit was disassembled 
again and inspected for evidence of cor- 
rosion. The heat exchanger tubes and 
the evaporator tubes were free of any 
signs of corrosion. The corrosion of the 
aluminum cladding on the evaporator 
tube sheets in the areas close to the 
evaporator gasket had expanded _hori- 
zontally but had not penetrated into the 
6061 tube sheet core alloy (Figure 3A). 
The end of the evaporator tubes were 
not cutoff flush with the sheet but ex- 
tended 1% inch beyond. A few spots of 
corrosion were noted in the area where 
the tube sheet contacted the outside of 
the evaporator tubes. This corrosion was 
restricted to the tube sheet alone and 
did not penetrate into the core metal. 

This final inspection showed one addi- 
tional area of corrosion. The circulating 
engine cooling water entered the upper 
part of a flash tank and ran over part 
of aluminum tubes containing the flow 
of sea water. The outside of these tubes, 
where the full flow of engine cooling 
water impinged on outside surface were 
severely eroded and pitted. The tubes 
were in good condition where the engine 
cooling water did not drop directly on 
the surface. It is believed that relocating 
the engine cooling water inlet so that 
the water will not hit the tubes directly 
will eliminate this condition. 


Future Work 

The results of this investigation showed 
that with proper design and careful 
selection of alloys, an aluminum sea 
water distillation unit for military use is 
feasible. It is believed that such equip- 
ment can be operated on sea water for 
several thousand hours with little corro- 
sion difficulties. A review of past uses of 
such equipment shows that portable sea 
water distillation units will not be used 
indefinitely because of the mechanical 
failure of such components as the engine, 
pumps, and steam compressor. 

A new aluminum sea water distillation 
unit is now being designed and fabricated 


which will be compact. It will be mounted 
on a trailer, and also will be suitable for 
helicopter lift. The steam compressor 
will be a new type with an aluminum 
housing and Ni-Cast rotor which will 
eliminate the need for the expendable 
aluminum mesh for removing copper 
from the steam. The gasketed evaporator 
closure will be raised three inches above 
the upper tube sheet and the evaporator 
tubes will be cut off flush with the evapo- 
rator tube sheet (Figure 3B). By this 
means, the corrosion of the cladding at 
the edge of the tube sheet will be elimi- 
nated or considerably reduced. This unit 
will be lighter than existing equipment, 
have greater capacity, and will be con- 
structed of materials in abundant supply. 


Summary 

Nickel and copper alloys have been 
used by the military services for sea 
water distillation equipment for many 
years. In a search for alternate materials 
that may become necessary in the event 
of extensive military mobilization, the 
Corps of Engineers studied the use of 
aluminum for this purpose. A 2,200-hour 
test of equipment demonstrated that 
aluminum can be used for fabrication 
of lightweight, transportable, sea water 
distillation equipment required by the 
military for tactical use. The study re- 
vealed that earlier corrosion difficulties 
with aluminum were caused by the pres- 
ence of small amounts of copper inad- 
vertently introduced into the sea water 
by the use of bronze pumps and _ brass 
operating controls. Elimination of all 
copper alloys from the components of 
the equipment resulted in the satisfactory 
performance of heat exchangers fabri- 
cated of aluminum alloys. New equip- 
ment will now become available which 
will be lighter, have greater capacity, and 
cost less than distillation units covered 
by existing specifications. 
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Leakage Conductance Coating Surveys 
On Asphalt Mastic Coated Pipe* 


Introduction 
HERE ARE so many factors that 


affect the performance of coatings 
on underground pipe lines, that the plan- 
ning of adequate tests and the proper 
interpretation of the results is extremely 
complex. It is not surprising, therefore, 
that experienced corrosion engineers 
often interpret the same experimental 
data in different ways. The cost of tests 
sufficiently extensive to warrant definite 
conclusions on a statistical basis would 
be prohibitive. 

The examination of representative “in 
the ditch” coatings, selected from the 
vast network of coated pipe lines, offers 
an opportunity to add to the available 
information on coating behavior and field 
performance. Accordingly, it was felt 
that a coating leakage conductance sur- 
vey on Magnolia Pipe Line Company’s 
335 miles of asphalt mastic coated prod- 
ucts pipe line, supplemental to Donald 
E. Miltner’s! report, would be of value. 

This report outlines the methods of 
test employed in the examination during 
the fall of 1959, lists test results, and 
gives detailed information about coating 
failures found by inspection. 


Description 
The line was built in 1941 and con- 
sists of 335 miles of 65% inch OD pipe, 
extending from Topeka, Kansas to Sioux 
Falls, South Dakota. The pipe line 
crosses the Kansas River just north of 
Topeka, the Platte River south of 
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* Corrosion engineer, 
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TABLE 1 
Basic ee of “er Mastie 


| _ Percent 
Component | By Weight 
Asphalt 12—14 
Asbestos Fiber I 
Limestone Dust, Approximately 24 
Sand ; 61—63 


TABLE 2—Cathodic Protection Stations 


| 4941 | 1960 
Location of | Current Current 
Rectifier Stations, | Output Output 
Miles | (Amperes) | (Amperes) 
Po 4 | 2 
60.84* ‘ : 5 
vt, re | 7 3 
164.37. . Cad € | 3 
214.51. ‘ 5 | 4 
309.5 50** ] 
Total 7 23 18 


* Installed in 1946. 
** Installed in 1951. 


By GERALD J. PAISLEY* 


Abstract 


Follow-up leakage conductance surveys were 
made at ten-mile intervals along 335 miles 
of continuous asphalt mastic coated pipe. 
Check points included three major river 
crossings. Test results were compared with 
data nese earlier on the same pipe 5 PF 
D. Miltner (see Corrosion, 9, 

(1958) July). It was found that the oe 
current requirements of the 335 miles of 
six-inch pipe line had not increased in 18/2 
years. A total current of 18 amperes over- 
protected the line to a minimum protective 
potential of 1.000 volt. Progressive dete- 
rioration of the coating as a whole was not 
evident although there was considerable 
deterioration in the immediate vicinity of 
coating discontinuities. The low mean 
average coating conductance reported indi- 
cated that cathodic protection had not ad- 
versely affected sound coatings during the 
18'4 year interval. 4.5.3, 5.4.10 


Omaha, and the Missouri River between 
Omaha and Sioux City. A nine-mile 
lateral lays through an industrial area 
and feeds a terminal at Omaha. A three- 
mile lateral serves Sioux City. 

A light weight pipe of 14.96 pounds 
per foot API, Grade B, was selected for 
construction. This particular pipe was 
selected so as to allow an adequate 
factor of safety for the normal range of 
operating pressures, and yet provide for 
a maximum economy in overall invest- 
ment costs. For the single line under the 
Kansas River and the looped Platte and 
Missouri River crossings, a 25.03 pound 
per foot pipe was used. 

Pairs of test leads were installed dur- 
ing construction at intervals along the 
pipe line. The test lead pairs, comprised 









of No. 10 solid copper wire, were spaced 
one hundred feet apart and terminated 
in a junction box above ground. These 
test leads served for measurement of cur- 
rent flow and potential of the pipe. 


A one-half inch thick asphalt mastic 
pipe coating was used throughout. The 
coating was applied to the pipe at five 
railhead plants located near Holton, Kan- 
sas, Blair and Brock, Nebraska, Brown- 
ville, Iowa, and Canton, South Dakota. 
The basic coating composition is listed 
in Table 

Immediately following construction of 
the line, four rectifiers were installed 
near the three major river crossings and 
the Omaha lateral. A fifth rectifier was 
added in 1946 to complete cathodic pro- 
tection on approximately 90 percent of 
the line. The pipe in the remainder of 
the line was electrically insulated at block 
valves. The coating on this portion of 
the line was not subjected to cathodic 
protection until 1951 when a sixth recti- 
fier was added giving cathodic protection 
on the entire line. Minimum pipe to soil 
potentials of 1.000 volt (CuSO, elec- 
trode reference) were maintained 
throughout with estimated maximum pro- 
tective potentials of 3.000 volts at the 
rectifier stations. 

The existing rectifier locations, original 
current output, and 1960 current output 
are listed in Table 2. The rectifier cur- 
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Figure 1—Prebability distribution of coating conductances. 
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Figure 2—Pipeline coating discontinuity occurring 

in the flat bottom lands of the Missouri River. 

Soil resistivity was 1000 ohm-cm. The cemented 

soil lump was 5 — in diameter and 3 inches 
thick. 


rents are averages of all readings re- 
corded during the years listed. All cur- 
rent values were recorded from the panel 
meters in the rectifiers. These meters, 
when new, had an accuracy within 2 per- 
cent. 

The terrain along the pipe line was 
generally rolling, with poor surface drain- 
age largely confined to river bottoms. 
The land was highly developed and 
mostly under cultivation, with little 
acreage permanently set apart for pas- 
ture. The soil resistivity along the line 
varied from 300 to 10,000 ohm-centi- 
meters. 


Methods of Examination 

1. Coating conductance measurements 
were made over the entire pipe line 
at distances of approximately ten miles. 
An AC operated current interrupter was 
inserted in the negative DC leg of a rec- 
tifier to switch the DC current off and 
on at regular intervals. The change in 
pipe to soil potential was determined at 
the ends of each section. Accordingly, 
line current readings were taken at the 
same time and the change in line current 
determined. All measurements taken, in- 
cluding determination of line currents 
and calculations, were made in accord- 
ance with NACE Technical Unit Com- 
mittee T-2D Report on Standardization 
of Procedures for Measuring Pipe Coat- 
ing Leakage Conductance.? 

2. Two known holidays found by Milt- 
ner? but left undisturbed, were exca- 
vated. Two locations, randomly selected, 
in the bottom lands of the Missouri River 
were excavated and coating conductance 
determined by using a cotton outing flan- 
nel pad and a wire screen wrapped 
around the coated pipe, as described in 
National Bureau of Standards Circular 
579.3 


Presentation of Data and Discussion 

Coating conductance measurements 
were made on 38 pipe line sections dur- 
ing August and September, 1959. The 
average line section was approximately 
ten miles long. These conductance values 
and the mean average soil resistivity of 
each section are tabulated in Table 3 as 
are the coating conductance and coating 
discontinuity data taken in 1950 by Milt- 
ner. The 1950 conduetance values are 
too few in number to make a valid com- 
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TABLE 3—Coating Conductance Values 








Coating 
Conductance, 
micro-ohm /ft? 

1950 


Sta. to Sta. 1959 


0.00 
0.56 


4.78 
14.84 
23.56 


Span 
(Miles) 
0.56 
3.34 


10.06 
8.72 
10.23 


oo 
Corn 


nN 
Wan 
oN 


ONE | Smbsin= | ino 


33.79 
44.78 
53.81 
60.84 


10.99 
9.03 
7.03 
3.18 

11.29 


C1 09 09 of 


| NO POO 
x 
NAHI | 


BU Oy 
WIS | 


2 HNNH 
ADI 





180.48 





190.67 
200.47 


200.47 
211.93 
213.32 
228.08 
243.58 


abo 


woanis 


244.61 


248.51 
262.83 


270.46 
277.76 
281.79 
288.51 
307.41 


298.33 
304.21 


319.99 


319.99 
322.24 


Omaha Lateral 
S. City Lateral 





* Localized test. 
** No data on rivers. 


parison for the entire line, although it 
can be seen that the line sections meas- 
ured in 1950 and 1959 yield comparable 
results. 

Kulman* has shown that probability 
distribution of coating conductances con- 
forms to the logarithmic normal proba- 
bility law. The probability techniques 
used here, and by Kulman, are those dis- 
cussed by Scott.® Accordingly, the 1959 
coating conductances listed in Table 3 
plot a reasonably straight line on loga- 
rithmic probability paper. The 1950 data 
are shown in Figure 1 as triangles. The 
two localized 1959 tests are plotted as 
rectangles on the curve. Kulman‘* sug- 
gests that data which do not fall on or 
near the straight line indicate a disturb- 
ing factor that may be the result of an 
error in the measurement, an accidental 
contact between the pipe and another 
metallic structure, or some other cause 
which can be investigated and isolated. 

The largest value plotted in Figure 1 
is the 1.39 mile segment across the Mis- 
souri River. During the spring of 1951, 
the Missouri River reached record flood 
levels. The flood was of such magnitude 
that two 12-inch pipe line crossings be- 
longing to another pipe line company 
and located a few hundred feet upstream 
were washed out. Following the flood, an 
inspection showed that approximately 20 


Avg. Soil 1950 
Resis- Holidays 
tivity, in 

ohm-cm?| Section 


1500 
1900 


1533 
1440 
1880 
1660 
1450 
2040 
1460 
1380 


740 
795 
810 
940 
990 


Location 


MP-2 Rectifier at 
Kansas River 





Platte River 
MP-148 Rectifier 
MP-164 Rectifier 


2320 
1060 
1275 
1270 

795 


685 
860 
1225 
1050 
790 


Missouri River 
MP-214 Rectifier 





187: 


3 
3 


15 
592 
2480 
2990 
4590 —Includes Partial 

5 Short @ Pump Station 


MP-310 Rectifier 
4132 


2180 
6135 





1210 
2580 


1600 








feet of Magnolia Pipe Line Company’s 
submerged crossing was suspended across 
a new channel in the river. It is prob- 
able that the high average conductance 
of the 1.39 mile segment was the result 
of damaged coating caused by debris 
tumbling along the river bottom and 
striking the pipe. 

All of the coating discontinuities re- 
ported by Miltner! were not excavated 
for inspection in 1950. But two of these 
discontinuities, which were classified by 
Miltner as medium signal strength, were 
located and excavated. At both locations 
the discontinuities appeared to have been 
enlarged in area. The cemented soil 
lumps were extremely hard and proved 
difficult to fracture with a hammer and 
chisel. The coating adhered to the soil 
lumps and appeared to have little or no 
bond to the pipe. The remaining coating 
under the lump, at these locations, had 
softened to the extent that a hole could 
be dug in the mastic with the corner of 
a putty knife. 

The discontinuity found at Mile Post 
189.79 and the pipe under the soil lump 
are shown in Figures 2 and 3. Only a 
thin layer of the surface coating re- 
mained under the cemented soil lump at 
Mile Post 158.16 (see Figure 4). It was 
also found that the discontinuity ex- 
ceeded the length of the four-foot bell- 
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hole. It is certain that this discontinuity 
would have been classified as a major 
break in the 1950 survey and opened for 
inspection at that time. The indication 
is that the coating is progressively dis- 
integrating at the holidays. 

The pipe surface was rusted to a 
considerable extent at both locations, 
although no pitting of the pipe was ob- 
served. Miltner reported traces of rust 
at some of the discontinuities excavated 
in 1950, but considered it probable that 
the corrosion products were due to oxi- 
dation after the pipe was exposed. 

Scott® reports: “Passivation of iron 
occurs generally in the pH range 8.5 to 
12.5 in the absence of anions like chlo- 
ride and sulfate. However, if the current 
density is such that the pH exceeds this 
limit, the passivating film will be dis- 
solved by the hydroxide ion and under 
the potential afforded by the oxygen, iron 
will dissolve to form soluble ferrites or 
ferrates which ultimately precipitate as 
hydrated ferric oxide.” It is highly prob- 
able that the corrosion products observed 
in 1959 were produced by cathodic pro- 
tection currents returning to the pipe 
through the coating discontinuity. 

At Mile Post 4.1, one thousand feet 
of pipe was excavated and inspected in 
conjunction with a newly constructed 
crossing under the Kansas River. The in- 
spection revealed two coating blisters ap- 
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Figure 3—Pipe surface under lump in Figure 2. The pipe was rusted considerably, 


although no pitting was observed. Note the circular 


pattern of rust stains. 


proximately four inches in diameter and 
separated from the pipe approximately 
three-eighths of an inch at their cen- 
ters. The original whitewash was intact 
throughout, and there was no cemented 
soil at either blister. The “blistered” 
coating was one-half inch thick and had 
no visible cracks or pinholes. The bond 
between coating and pipe was good every- 
where tested, including the areas adja- 
cent to the blisters. The dry pipe surface 
under the blister was rusted considerably, 
although no pitting was observed. It is 
not known if these blisters were caused 
by some mishap at the time of construc- 
tion, or the result of cathodic protection 
currents. 


Summary 

1. The overall current requirements 
of the 335 miles of six-inch pipe line 
have not increased in 18% years. (See 
Table 2.) A total of 18 amperes over- 
protects the pipe line to a minimum 
protective potential of 1.000 volts. All 
coating conductance data measurements 
collected during 1950 and 1959 fall 
within the same range and conform to 
the probability law. Progressive deterio- 
ration of this coating as a whole is not 
evident. 

2. The rate of discontinuities found by 
Miltner! was one per four miles. This 
exceedingly low rate, and the low coat- 


will appear in June, 1962 issue 


Figure 4—Discontinuity on bottom of pipe (photographed with the aid of a 
mirror). Soil lump was 4 inches thick and 5 inches wide. The length extended 


LEAKAGE CONDUCTANCE COATING SURVEYS ON ASPHALT MASTIC COATED PIPE 103 


beyond the bell-hole. 


ing leakage conductance found in this 
survey, substantiates the high quality of 
coating found in both examinations. 


3. The coating appears to be progres- 
sively deteriorating in the immediate 
vicinity of the coating discontinuities. 


4. The low mean average coating con- 
ductance (4.9 micro-mho/ft?) shows that 
cathodic protection has not appreciably 
affected the sound coating as a whole for 
at least 184 years. 
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Effect of Hardener Composition 
On the Chemical Resistance of Epoxy Resins* 


Introduction 

VARIETY of hardeners can be 

used in curing epoxy resins. The 
type of hardener selected is an impor- 
tant factor in determining the chemical 
resistance of the cured systems. With the 
varying reaction mechanisms ensuing 
with these hardeners, chemical resistance 
varies considerably. 


Experimental Procedure 
Materials Evaluated 
A conventional liquid epoxy resin, 


having a viscosity of 9000 cps (25 C) 
and an epoxy value of 0.54 eq./100 gm, 
was cured with five different hardeners. 
These materials are shown in Table 1. 


Systems Evaluated 

Table 2 lists the hardener type and 
concentration used in this study. In addi- 
tion, the curing cycles used as well as 
the initial flexural strengths obtained 
with the various systems are listed. 

Castings were prepared for each sy 
tem. After the castings were cured, a 
sufficient number of 4 inch by 1 inch by 
'Yg inch specimens were cut from each 
sheet. Flexural strengths were then de- 
termined for each system according to 
ASTM D790-58T. These strengths were 
determined both before and _ after 
6-months immersion (at 25 C) in vari- 
ous chemical reagents. Initial flexural 
strengths were determined using five 
specimens for each system. Flexural 
strengths after immersion were deter- 
mined using three specimens for each 
system evaluated. 


Discussion 
Salt 


After 6-months immersion in 10  per- 
cent and 25 percent sodium chloride, as 
well as 10 percent sodium bisulfite, the 
following results were obtained: The 
diaminodiphenyl sulfone cured system 
showed the most stability followed closely 
by the boron trifluoride monoethylamine 
complex system. Nadic methyl anhydride 
showed better resistance to the salts 
tested than the phthalic anhydride sys- 
tem. The Hardener 956 system was the 
least resistant. 

Results obtained by flexural-strength 
measurements do not necessarily agree 
with percent weight change. Systems 
showing the largest amount of weight 


Resistance 
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change do not show the greatest change 
in flexural strength. For example, the 
diaminodiphenyl sulfone system showed 
a weight increase of 2.6 percent after 6 
months in 10 percent sodium bisulfite, but 
yielded no change in flexural strength. 
On the other hand, both anhydride cured 
systems showed a weight change of only 
0.9 percent but a flexural strength change 
of +9.3 (phthalic anhydride) and +15 
(nadic methyl anhydride) when tested 
under the same conditions. These results 
are shown in Figure 1. 


Acid Resistance 

Immersion in 3 percent, 10 percent 
and 30 percent sulfuric acid was best re- 
sisted by the diaminodiphenyl sulfone 
system followed closely by both anhy- 
dride-cured systems. 

The nadic methyl anhydride system 
showed the best resistance to 10 percent 
nitric acid. In addition, this system ex- 
hibited the best over-all acid resistance. 
The Hardener 956 system yielded the 
poorest acid resistance. 

Here again weight change could not 
be directly correlated with percent flex- 
ural strength change. Diaminodipheny| 
sulfone yielded no change in flexural 
strength after 6-months immersion in 10 
percent sulfuric acid, but did show a 
weight change of 2.5 percent. The 
phthalic anhydride system showed a 
weight change of only 0.84 percent after 
6 months in 10 percent nitric acid but 
yielded a 26 percent decrease in flexural 
strength. See Figure 2. 


%o 
FLEXURAL 
STRENGTH 
CHANGE 


Abstract 


One of the factors influencing the chem- 
ical resistance of epoxy resin is the 
hardener used in their curing. To demon- 
strate this, three chemically different types 
of hardeners (anhydride, amine, boron 
fluoride complex) were used to cure a 
conventional liquid epoxy resin. All sys- 
tems were checked for changes in flexural 
strength after a six-month immersion pe- 
riod in various chemicals at room tempera- 
ture. Media in which tests were made 
include sodium chloride, sodium bisulfite, 
sulfuric acid, hydrochloric acid, nitric acid, 
glacial acetic acid, caustic soda, sodium 
carbonate, ammonia solution, and four 
weak organic solvents. In addition, sam- 
ples were also placed in water at room 
temperature as well as boiling water for 
a six-month immersion period. 
Diaminodiphenyl sulfone gave resins the 
best over-all chemical resistance. Weak sol- 
vents, such as_ hydrocarbons, alcohols or 
glycols, affected all systems only slightly. 
Anhydride-cured systems exhibited better 
resistance to diluted acids while amine- 
cured systems showed better resistance to 


diluted bases. 6.6.8 


Resistance to Bases 

After immersion in 10 percent and 25 
percent caustic soda, 25 percent sodium 
carbonate as well as 25 percent am- 
monia, the diaminodipheny] sulfone 
yielded the most resistant system. The 
next best was the boron trifluoride mono- 
ethylamine complex system. Phthalic an- 
hydride was the poorest followed by the 
nadic methyl anhydride cured system. 
Figure 3 illustrates these results. 


Resistance to Weak Organic Solvents 
With regard to resistance to weak or- 
ganic solvents, such as gasoline, benzene, 
ethyl alcohol, and ethylene glycol, all 
systems performed well. Ethyl alcohol 
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Figure 1—Percent flexural strength change after six months immersion in salts. 
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Figure 2—Percent flexural strength change after six months immersion in acids. 


1—Resin and Hardeners Used in 
Testing 


TABLE 


Epoxy Resin: 

Araldite 6005—unmodified liquid epoxy resin; 
viscosity = 9000 cps., epoxy value = 
0.54 eq./100 gm. 


Hardeners: 
901—Phthalic anhydride (PA) 
906—Nadic methyl anhydride (NMA) 
Diaminodipheny] sulfone (DADS) 
956—Amine—type safety hardener 
Boron trifluoride monoethylamine 

(BF3 Complex) 


Accelerater: ; 
DMP—30—2, 4, 6, Tri (dimethylaminomethy]) 
phenol 


appeared to have the most noticeable 
effect upon the Hardener 956 system 
while benzene had the most noticeable 
effect upon the phthalic anhydride sys- 
tem. This is illustrated in Figure 4. 


Resistance to Water 

After 6 months immersion in water at 
25 C, both the phthalic anhydride and 
diaminodipheny] sulfone systems ap- 
peared quite resistant. However, when 
testing all systems after 6 months in boil- 
ing water, only the diaminodipheny] sul- 
fone system yielded the best results. It 
is also interesting to note that this system 
resulted in best over-all chemical resist- 


ance (see Figure 5). 


Conclusion 

Comparative tests have demonstrated 
that the type of hardener used to cure 
an epoxy resin will have a substantial 
effect upon its chemical resistance. The 
best over-all chemical resistance was 
obtained with diaminodiphenyl sulfone. 
This hardener also yielded a cured epoxy 
system with superior resistance to boiling 
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Figure 3—Percent flexural strength change after six months immersion in 


TABLE 2—Epoxy Curing Systems Evaluated 








brines. 


Curing Initial Flexural 
Hardener Type | Hardener Concentration* | Curing Conditions Mechanism Strength, psi 
au es an SD ee | 
| 65 phr** phthalic 24 hrs. at 140 C 19,750 
anhydride 
esterification — — 
Anhydride | 12 hrs. at 120 C - 
80 phr nadic methyl + etherification 
anhydride 12 hrs. at 180 C 20,400 
+2 phr DMP-30 + 
12 hrs. at 250 C 
| 6 hrs. at 135 C 
| 35 phr diaminodiphenyl + 13,800 
sulfone 12 hrs. at 180 C etherification 
Amine —— + LK 
| 24 hrs. at 25 C | polyoxyamines 
| 25 phr hardener 956 +b 15,600 
| 24 hrs. at 40C 
6 hrs. at 80C 
4 phr boron trifluoride | + 
Complex | monoethylamine | 6 hrs. at 120 C essentially 14,800 
| | etherification 
| 12 hrs. at 150 C 





** Parts per hundred parts of resin. 


water. Nadic methyl anhydride yielded 
a more chemical-resistant system than 


did phthalic anhydride. 
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DISCUSSION 


Questions by Henry Hasbrouck, Ham- 
burg, New York: 


1. Were test samples castings or re- 
inforced? 

2. What is the effect on test results of 
lack of proper control of post curing? 
For example, what would be the effects 





* Using liquid epoxy resin with an epoxy value of 0.54 eg./100 gm. 


in a field application where no heating 
facilities are available? 

3. To what do you attribute instances 
of increase in flexural strength after test- 
ing? 


Replies by Frank E. Pschorr: 


1. Y-inch sheet castings were prepared 
for each system that was evaluated. 


2. Post curing is very important to 
obtain optimum chemical resistance. In 
a field application where no heating fa- 
cilities are available, it will not be pos- 
sible to obtain a cured epoxy resin with 
maximum chemical resistance. But inas- 
much as chemical resistance required will 
depend upon the application, a post cure 
may not be necessary. 


3. We have observed that chemical so- 
lutions sometimes dissolve low molecular 
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Figure 5—Percent flexural strength change after six months immersion in water. 


Figure 4—Percent flexural strength change after six months immersion in 


weak organic solvents. 


weight fractions and we believe this 
may be partially the reason for flexural 
strength increase. On the other hand, 
higher molecular weight fractions can 
actually absorb a chemical solution. This 
then could act as a plasticizer and result 
in a resin with a higher flexural strength 
after immersion. Both of these phenom- 
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ena could be an explanation for the flex- 
ural strength increase observed in some 
of these chemical immersion tests. 
Question by Ignatius Metil, 99 Down- 

ing, Buffalo 20, New York: 

What type of curing agent would yield 
the highest heat distortion point when 
cured at 77 + 5 F? 


will appear in June, 1962 issue 


Reply by Frank E. Pschorr: 

Polyfunctional aliphatic amines, such 
as triethylene or diethylenetriamine, 
would be the type of curing agent yield- 
ing the highest heat distortion point 
when curing conventional epoxy resins 
at this temperature. 


Technical Papers on Corrosion Welcomed 


Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 
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The Electrochemical Approach 
To Cavitation Damage and Its Prevention* 


Introduction 
HE FORMATION of vapor cavities 


(boiling) in a turbulent, vibrating or 
fast flowing fluid and the subsequent col- 
lapsing of these vapor cavities (conden- 
sation) on material surfaces leads to a 
rapid, localized deterioration of the sur- 
face known as cavitation damage. The 
damage rate on metal surfaces is usually 
increased in corrosive fluids such as sea- 
water or other electrolytes. 

The devastating effects of cavitation 
have long been recognized on ships, hy- 
draulic systems, and machinery. In ships, 
the phenomenon of cavitation causes 
damage to propellers and other append- 
ages, induces propeller and hull vibra- 
tions, produces objectionable noises, and 
causes loss of propulsive efficiency. In 
hydraulic machinery similar effects have 
been observed. Cases are known where 
propellers on transatlantic liners had to 
be replaced every two trips. Recently, 
on one class of U.S. destroyers, consider- 
able cavitation damage has been ob- 
served on propellers after only about 40 
hours of continuous high speed opera- 
tion (see Figures 1 and 2). 

Cathodic protection is an effective 
method for reducing or arresting cor- 
rosion of a metal by making the metal 
a cathode in an electrolytic circuit. Ca- 
thodic protection is widely applied to 
pipe lines and structures buried in the 
soil, and to ships and equipment im- 
mersed or submerged in the sea.? 

If cavitation damage is the result of 
an interaction between mechanical and 
electrochemical forces, then cathodic pro- 
tection should be effective in eliminating 
the corrosion factor, thereby reducing 
the overall damage rate. The work of 
earlier investigators starting with Pe- 
tracci in 1949 and continuing through to 
Plesset in 1959 confirms this concept in 
general. 2-11 However, since these investi- 
gators varied the experimental condi- 
tions, the data obtained showed little 
correlation and thus no unified mech- 
anism of cavitation damage has been 
postulated to date. The work of these 
investigators is reviewed in a subsequent 
portion of the paper and some new data 
are reported which were obtained in re- 
cent experiments conducted by the au- 
thors. 

Since 1952 the authors have specu- 
lated that cathodic protection techniques 
employing current densities in excess of 
those normally used would eliminate or 
substantially reduce cavitation dam- 
age by: 


a. Suppression of the corrosion factor by 


% Submitted for publication January 3, 1961. A 
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By H. S. PREISER and B. H. TYTELL 


Abstract 


This paper presents a unified theory on 
the interrelationship between electrochemi- 
cal and mechanical factors causing damage 
to materials subjected to cavitating en- 
vironments. The ambiguous term ‘“‘cavita- 
tion erosion”? is rejected in favor of three 
modes of damage which depend on_ the 
severity of cavitation collapse forces: Cavi- 
tation Deformation or Fracture; Cavita- 
tion Fatigue; and Cavitation Corrosion. 
The authors describe some model propel- 
ler experiments which demonstrate Caries 
tion Fatigue damage and how specific ca- 
thodic protection measures reduce the dam- 
age. An extensive bibliography is eee ts 


nullifying potential differences between 
local anodic and cathodic areas arising 
from the changes to physical and chemi- 
cal properties of the metal surface and 
the fluid environment due to the cavity 
collapse forces; 

b. Mechanical cushioning of the cavity 
collapse forces by the evolution of hy- 
drogen gas resulting from the cathodic 
process. 


Historical Background 


Although cavitation phenomena were 
recognized as early as 1754 by Euler, it 
was not until many years later that Reyn- 
olds!” in 1894 revived interest in the sub- 
ject by his experiments of flowing water 
in a constricted tube. However, serious 
research into the nature and mechanism 
of cavitation damage was not started 
until 1919 by Parsons and Cook.!3 Since 
that time, numerous experiments were 
carried out by many workers in scientific 
fields of hydrodynamics and fluid me- 
chanics, metallurgy and materials engi- 
neering, chemistry and electrochemistry, 
and other related disciplines. These re- 





Figure 1—Cavitation damage on a destroyer 
propeller (port side). 
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Figure 2—Close up of propeller blade showing 
cavitation damage. 
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Figure 3—Basic test propeller blade. 


Figure 4—Multiple blade assembly used in cavita- 
tion study. 


searchers laid the foundation toward a 
better understanding of cavitation phe- 
nomena’*-*§ and its damaging effects to 
materials.19-21. There is still widespread 
disagreement, however, as to a compre- 
hensive general mechanism of cavitation 
damage.?2-2 An excellent review of the 
present knowledge on cavitation dam- 
age has been made by Dr. D. J. God- 
frey*? in England. 

A brief summary relating the findings 
of many investigators referenced in Dr. 
Godfrey’s paper is given below with 
some additional inclusions reporting more 
recent work: 

Cavities form in moving fluids when 
conditions cause localized pressures to 
fall below the vapor pressure. Under cer- 
tain circumstances, the cavities can col- 
lapse in the order of a millisecond with 
forces up to 200,000 psi. Visible damage 
to almost all materials is produced in 
a very short time when repeated cavity 
collapse is concentrated in a small area. 
Accelerated cavitation damage may be 
produced in the laboratory by means of 
venturi tubes, ?»28.29 high speed rotating 
discs,7:°° magnetostriction devices*! and 
accoustic resonance devices.*? 

The properties of the fluid which may 
affect the intensity of the damage are air 
content, pressure, temperature, chemical 
composition, and inhibitive additives. Mi- 
nute air particles in suspension in the 
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fluid aid in triggering cavitation reac- 
tions. Paradoxically, the introduction of 
air bubbles in cavitating fluids aids ma- 
terially in preventing cavitation damage 
by compressibly absorbing some of the 
energy of the cavity collapse. The fluid 
pressure affects the cavitation inception 
in a manner that increasing the pressure 
decreases cavitation tendency and vice 
versa. Temperatures from 0 C to 50 C 
appear to increase cavitation damage 
rate, while above 50 C, the rate is pro- 
gressively reduced. Cavitation damage is 
generally greater in the presence of elec- 
trolytes as compared to non-ionic liquids. 
Air and oxygen complicate the picture 
by increasing the damage rates in con- 
ductive fluids. Inhibitive additions gen- 
erally do not alter cavitation damage 
when studied under accelerated labora- 
tory conditions; however, they appear ef- 
fective in practical situations where lesser 
cavitation intensities and frequencies are 
encountered.** 

Ductility, hardness, ability to work 
harden, grain size, brittle inclusions, fa- 
tigue strength and resilience are impor- 
tant physical properties of materials 
which influence cavitation damage rate. 
The corrosion resistance of a metal 
(formation of tenacious continuous 
protective films) plays a significant part 
in resisting cavitation damage. Corrosion 
resistant materials which are hard and 
ductile or easily work hardened and also 
which have good fatigue strength are 
ordinarily superior in resisting cavitation 
damage. Such metals include austenetic 
stainless steels, aluminum nickel bronzes 
and titanium alloys. Non-metallic sub- 
stances which are resilient and tough, 
such as rubber and certain plastic resins, 
perform better than brittle hard mate- 
rials. 

The idea that cavitation damage may 
be explained as the result of a combined 
mechanical (physical destruction) and 
chemical action (corrosion) induced by 
collapsing vapor cavities in moving fluids 
is not new.34-36 However, the elusive ele- 
ment in developing a satisfactory mech- 
anism for cavitation damage has been 
the degree that the mechanical and 
chemical (electrochemical) agents con- 
tribute to the damage when acting singly 
and in combination. Since some evidence 
from previous investigators has shown 
that under certain conditions the corro- 
sion influence in cavitation damage could 
be considerable, several studies were 
carried out during the past decade to 
determine how cavitation damage is 
affected when the corrosion agent is 
eliminated by means of cathodic protec- 
tion? 5, 6,7,8,37 and how the total dam- 
age rate is affected by introducing 
hydrogen gas as part of the cathodic reac- 
tion.2) 49, 10, 11, 38 


Cavitation Test Apparatus 


The variety of test equipment that has 
been used in the past to conduct cavita- 
tion damage studies is believed to be 
the primary reason for the difficulty in 
separating the corrosion and mechanical 
components of the damage. Generally, 
most equipment is not readily adapted 
for determining the degree that the me- 
chanical and corrosion factors may be 
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influenced by the application of cathodic 
protection. The test apparatus developed 
for accelerated cavitation damage, such 
as the magnetostriction and accoustic 
resonance devices, generally produce an 
intense damage pattern within a span of 
seconds or minutes. Venturi tubes, vari- 
able pressure tunnels, and rotating disc 
apparata with suitable fluid stilling vanes 
produce less intensive cavitation collapse 
forces at lower frequencies, which re- 
sult in cavitation damage patterns within 
a time span of hours to days. Jet im- 
pingement equipment*® and _ rotating 
specimens? in open water produce dam- 
age patterns in terms of weeks to months. 
Probably in these latter instances cavita- 
tion collapse forces may not exist at all 
or be of very low intensity and frequency. 

Inasmuch as the studies of cavitation 
damage made by the authors were di- 
rected toward practical application for 
ship propellers, it was apparent that an 
apparatus designed to simulate an oper- 
ating propeller in open seawater would 
be most desirable. 


Boston Cavitation Test Rig 


The Bureau of Ships assigned the 
study of cavitation damage protection 
by cathodic means to the Boston Naval 
Shipyard Chemical Laboratory in 1954. 
An extension of the project includes a 
study of the deterioration of metals, 
plastics, coatings and other materials 
exposed to propeller-type cavitating con- 
ditions. The cavitation rig has been de- 
signed to take four beveled flat blades 
(no thrust) which can be electrically 
isolated from each other or purposely 
grounded to external electrical circu- 
itry.41 The blades fit into special 
sockets machined into the hub, which 
permits changing the pitch angle as de- 
sired. For purposes of the preliminary 
experiments, cylindrical bars were used 
instead of blades. The cavitation pat- 
tern on various shaped blades, includ- 
ing the cylindrical bars, was determined 
in the variable pressure water tunnel at 
David Taylor Model Basin.*? The basic 
shape blade and its modification are 
shown in Figure 3. The two blades and 
two cylindrical bars were mounted in 
a hub and rotated at various speeds and 
pitch angles (for flat blades) in the tun- 
nel at a 10 foot head pressure equal to 
the actual submergence depth of the full 
size Boston cavitation rig. 

The multiple blade assembly is shown 
in Figure 4. The cavitation pattern on 
each of the blades is shown in Figure 5, 
which are actual photographs taken in 
the DTMB tunnel by high speed strobe 
flash techniques. The cavitation patterns 
observed are drawn schematically in the 
same figure. 


Test Apparatus 

The test apparatus used in these ex- 
periments consists of a rigid steel frame 
mounted on a side of a barge.4? Two 
channels mounted on the frame serve as 
guide tracks for a carriage that travels 
up and down. A 2% inch diameter 
K-Monel shaft is mounted on the center 
line of the carriage. The shaft is coupled 
to a 75 H.P. variable speed d-c motor 
by means of a flexible coupling. A thrust 
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Figure 5—Cavitation on three types of blades. Pitch angle = 
1,200 RPM. From DTMB Report 1204, 1958. 


bearing is secured to the shaft near the 
coupling. Two cutless rubber bearings 
mounted on pillow blocks steady the 
submerged portion of the shaft. The 
drive motor is mounted on a shelf se- 
cured to the top of the carriage. Up 
and down movement of the carriage is 
effected by means of a two-ton electric 
hoist mounted on top of the stationary 
frame. The general arrangement of the 
equipment is shown in Figure 6, and a 
schematic electrical hook up diagram 
is shown in Figure 7. 

The test propeller hub is keyed to the 
lower end of the shaft and is secured 
by means of a tapered lock nut. The 
propeller assembly is protected from me- 
chanical damage from debris by a cylin- 
drical plastic guard mounted at the 
lower end of the carriage, as shown in 
Figure 8. In the event of undue vibra- 
tion from propeller unbalance or mishap 
a vibration pick-up device has been in- 
stalled to shut off power to the motor. 
The plastic guard is perforated to permit 
easy circulation of the water and is of a 
two piece construction. One-half of the 
guard is secured to the carriage perma- 
nently and houses the anode (platinum 
clad tantalum) used for cathodic protec- 
tion of the test propeller and the refer- 
ence electrode (silver-silver chloride 


TABLE 1—Chemical Composition of 
Specimens 








Mild Steel 


Manganese Bronze 


Percent 





Percent 
Element by Wt. Element by Wt. 
Carboth. . 6 «.. 0.24 Copper 59.03 
Manganese.. . 0.46 ME ee Ses 38.76 
Phosphorous. 0.016 Tin. aur aciicl 0.88 
Sulfur ...... 0.030 Lead.. 0.02 
ere 0.22 Nickel. .... 0.00 
Nickel. .... 0.10 Lo “ae 1.10 
oO ee 0.08 Aluminum... 0.08 
Chromium....| 0.07 Manganese. . | 0.13 
Molybdenum..| 0.09 | 


Brinell Hardness...126 | Brinell Hardness...163 
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used for polariza- 
tion-potential meas- 
urements. The other 
half of the guard is 
removable to per- 
mit access to the 
test propeller. An 
expanded metal 
cover on top of the plastic guard serves 
to further safeguard the test propeller 
from debris that might enter from the 
top of the guard. 

The seawater at the test site was 
checked periodically for pH, tempera- 
ture, and resistivity. In the summer, the 
averages were respectively 7.2, 60 F and 
30 ohm-cm. 

The propeller blade specimens for 
these tests were cylindrical bars, 1% 
inch diameter x 614 inches long, threaded 
at one end to permit mounting on the 
hub. Lock nuts prevented the rods from 
loosening. 


Test Propeller Assembly 

The test propeller assembly consists 
of a metal cubical hub, 3% inches on a 
side, with a 2 inch tapered bore and a 
key'vay. Each of the four vertical faces 
is bored and tapped to a depth of %4 
inch x 1% inches in diameter to permit 
removable blades to be screwed into the 
hub as shown in Figure 8. A metal fair- 
water serves as an additional lock nut 
to secure the hub to the shaft and cut 
down the turbulance caused by the rotat- 
ing propeller assembly. A set screw on 
the side of the fairwater prevents it from 
unscrewing from the shaft. 


TABLE 2—Profilometer Readings (RMS) 
(Manganese Bronze—411 Hours) 


Specimens Micro-inches 
New-Unexposed rods. .... + 90-100 
Rods cathodically protected 90-100 
Rods not cathodically protected.. 30-300 
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Figure 6—General arrangement of Boston cavitation apparatus. 


Test Method 

Two sets of propeller assemblies were 
constructed from each of the two metals 
tested, low alloy steel and manganese 
bronze. Their compositions are given in 
Table 1. Each steel and bronze test as- 
sembly was rotated at a speed of 1250 
rpm in the test apparatus alternately for 
a period of two days, with one assembly 
cathodically protected at a specific cur- 
rent density while the other assembly 
was rotated without the benefit of ca- 
thodic protection. Visual inspection of 
the damage was made at the two day 
intervals and appropriate photographs 
were taken. 


Observations 

The initial experiments were made 
with manganese bronze specimens ro- 
tated at 1250 rpm. One series was with- 
out cathodic protection and another 
series with cathodic protection at a cur- 
rent density of 500 ma/sq ft.4* After 411 
hours of exposure, a definite but slight 
deterioration pattern was observed on 
the trailing edge of the unprotected rod 
specimen. The damage was measured by 
determining the change in surface finish 
using a brush profilometer and express- 
ing the results in micro-inches (RMS) 
as shown in Table 2. 

Although the intensity of damage in 
the initial experiments was not impres- 
sive, the data obtained were encourag- 
ing and further runs were made on mild 
steel and manganese bronze. 

The next series.of experiments was run 
using mild steel cylindrical specimens ex- 
posed to various cathodic current densi- 
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Figure 8—Close-up view of cavitation test propeller assembly. 
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Figure 10—Boston cavitation tests on mild steel specimens; control—no 
cathodic protection, 1,250 rpm. 
















exposed for periods showed no damage on either leading or 














TOP VIEW TOP VIEW “BOTTOM VIEW up to 215 hours trailing surface (see Figure 13). Fur- 
96 HOURS 163 HOURS 235 HOURS using current den- ther confirmation of complete cavitation 
sities of 152, 305, damage protection was obtained on an- 
Figure 9—Boston cavitation tests on mild steel specimens; controi— 403 and 500 ma/sq other set of steel specimens exposed for 
no cathodic protection, 1,250 rpm. ft respectively and 1100 hours under cathodic conditions 
compared against (500 ma/sq ft). 
ties.44 The control specimens were ex- an unprotected control. Figure 12 , 5 
posed for 96, 163, 235 and 527 hours shows the progressively less damage Discussion 
successively without cathgdic protection, on the specimens as current density in- In these rather preliminary experi- 






and the pattern and intensity of dam- creases, with complete elimination of ments, it is shown that relatively low 
age are shown for a typical rod in Fig- all damage at the 500 ma/sq ft level. In levels of cathodic protection current 
ures S$ and 10. Another series of steel still another series of experiments, man- density completely protected rotating 
specimens was run for 599 hours pro- ganese bronze specimens were exposed specimens from damage under cavitating 
tected by a current density of 500 ma/sq for 500 hours with and without cathodic conditions. Once it can be established, 
ft. Figure 11 shows the complete ab- protection (500 ma/sq ft). The damage beyond reasonable doubt, that cavitation 
sence of damage on both leading and _ pattern of the unprotected specimens bubble formation and collapse did ac- 
trailing edges of a typical specimen. was similar to that af steel but much less tually occur on the specimens during ex- 

Another series of steel specimens was intense. The protected specimen again posure, then it remains to propose a 
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Figure 11—Boston cavitation tests on mild steel specimens (protected at 


500 ma/sq ft, 1,250 rpm). 


mechanism whereby electrochemical phe- 
nomena can influence the damage rate 
caused by the substantial physical forces 
of cavitation bubble collapse. 


Cavitating Exposure Conditions 

Every attempt was made to design an 
apparatus which would simulate a cavi- 
tating ship propeller in open seawater. 
The inception and collapse of cavitation 
bubbles on rotating bar specimens was 
visually observed under stroboscopic light 
during full scale calibration tests of the 
Boston propeller in the variable pressure 
water tunnel at the David Taylor Model 
Basin. The observed areas where cavita- 
tion collapse occurred in the DTMB tun- 
nel as shown in Figure 5 are similar to 
the damage pattern obtained on the speci- 
mens rotated at 1250 rpm in the Boston 
Cavitation Test Apparatus. 

In addition to the above, underwater 
sound studies were conducted while the 
3oston propeller was in operation. A 
hydrophone underwater sound transducer 
was located near the propeller. Sound 
pressure of the operating propeller was 
converted to a pulsating voltage by the 
transducer, which was fed into appro- 
priate amplifier, filtering and metering 
equipment. The intensity of the sound 
was proportional to the voltage generated 
and frequency was duplicated by the 
voltage pulsation. Broad band measure- 
ments of sound intensity and analyses 
at discrete frequencies were made at var- 
ious propeller speeds with background 
noise kept to a minimum. At 600 rpm 
of the propeller, a sharp rise in sound 
intensity was observed, which increased 
with increasing speed up to 1250 rpm. 
The frequency analysis of this sharply 
defined sound pattern showed it to be 
characteristic of cavitation bubble col- 
lapse when compared to records made 
by independent investigators at the David 
Taylor Model Basin. 

Another interesting observation which 
confirms the premise that damage was 
a result of cavitation phenonema is the 
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Figure 12—Boston cavitation tests on mild steel specimens showing pro- 


gressively less damage with increasing cathodic current densities. 1,250 rpm. 


similar pattern of deterioration sus- 
tained by both the steel and manganese 
bronze (although the intensity of at- 
tack was less for the bronze). 

If the mechanism of damage could be 
ascribed purely to electrochemical phe- 
nomena under velocity conditions, the 
steel specimens would have corroded 
from the center outward and the bronze 
from the center inward. In the case of 
the steel, differential oxygen concen- 
tration would be the influencing corro- 
sion mechanism, while for bronze the 
influencing corrosion mechanism would 
be differential ion concentration. Also, if 
impingement forces were thought to be 
the cause of the deterioration, the dam- 
age pattern would have been concen- 
trated on the leading edge instead of 
the trailing edge of the propeller rod 
specimens. 

Without laboring the point further, it 
would seem reasonable to conclude that 
cavitation forces were responsible for the 
damage sustained by the propeller blades 
(rods). 


Mechanism Of Damage 

Since cavitation damage produced in 
the authors’ experiments was completely 
eliminated by relatively low current dens- 
ities, a mecharism whereby this _phe- 
nomena can obtain is postulated. 

The total damage to a metal surface 
can be divided into three distinct group- 
ings, each having a specific mechanism: 

a) Cavitation Deformation or Frac- 
ture 

b) Cavitation Fatigue 
Cavitation Corrosion 

It is proposed to do away with the 
ambiguous term “cavitation erosion” 
which can apply to mechanisms (a) and 
(b). In the case of Cavitation Defor- 
mation or Fracture, all three mecha- 
nisms may be superimposed on each other 
to contribute to the total damage. The 
second case of Cavitation Fatigue may 
have only the corrosion mechanism op- 
erating in concert. The third case of 


Cavitation Corrosion implies no phys- 
ical damage to the metal substrate but 
an electrochemical damage accelerated 
by cavitation collapse forces. Cavita- 
tion Deformation and Fracture, result- 
ing from intense hydromechanical forces 
generated by collapsing cavities under 
certain conditions, have been demon- 
strated by Schroeter*>»*® and Hunsaker** 
by deforming lead specimens, by Boet- 
cher*8 who found crystal sliding and 
twinning in exposed specimens. Recently, 
Knapp*? produced pit deformations in 
soft aluminum using a circulatory cavita- 
tion producing apparatus. Schroeter also 
produced fracture patterns on brittle ma- 
terials such as glass, agate and quartz 
by cavitation cavity collapse. 


Cavitation Deformation and Fracture 

Cavitation deformation and fracture is 
generally experienced on specimens ex- 
posed to accelerated tests using magneto- 
striction or ultrasonic apparata unless 
the equipment is adjusted for low fre- 
quency, low amplitude operation. 
Wheeler*:?® plastically deformed steel in 
toluene, and Rasmussen®® fractured plas- 
tic materials and cast iron by the mag- 
netostriction method. Plesset and Ellis®4 
produced deformation of a zinc mono- 
crystal (X-ray diffraction) by means of 
an ultrasonic apparatus. 

Since in this case the greatest portion 
of damage is due to mechanical break- 
down of the material surface and its sub- 
sequent particle separation and ejection 
from the mass, the secondary fatigue and 
corrosion effects, although operating, are 
obscured. Wheeler,’ for instance, showed 
an increase in total damage when water 
is substituted for toluene. Shal’nev*® also 
demonstrated the increased damage in a 
magnetostriction device for cast iron 
specimens exposed to seawater as com- 
pared to fresh water. In general, the 
time scale is so short in which the cavi- 
tation deformation and fracture damage 
occurs that the secondary mechanisms 
of fatigue and corrosion do not contrib- 
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Figure 13—Boston cavitation tests on manganese bronze 


ute substantially to the total damage. 
The only effective way of reducing this 
type of damage to the metal surface is 
by mechanically cushioning the intense 
implosive forces of cavitation collapse. 

The use of entrained air as a mechani- 
cal cushion to reduce cavitation damage 
in concrete hydraulic systems was _ re- 
ported by Veenard®? and Warnock.°* 
Rasmussen** also found that entrained 
air sufficient to arrest cavitation 
damage on rotating disc and Venturi type 
flow devices. The use of hydrogen gas 
as an overvoltage reaction product of 
the cathodic process has also been tried 
with considerable success as a means of 
introducing a resilient gas cushion be- 
tween the collapsing vapor cavities and 
a metal surface. 

Leith® and Kerr!® were among the 
first investigators to suggest that hydro- 
gen cushioning was mainly responsible 
for eliminating cavitation damage to cast 
steel specimens in a seawater environ- 
ment using a standard magnetostriction 
apparatus designed after Kerr®> and 
Rheingans.°® Current densities in the 
order of 250 amperes per square foot 
were claimed to achieve complete protec- 
tion from cavitation damage in seawater. 
Attempts to protect cast steel specimens 
in fresh water were not successful due to 
the limited current densities which could 
be applied. However, cathodic protection 
did increase the incubation time slightly 
and decrease the weight loss after a 120 
minute exposure. Further increases of 
current density in fresh water failed to 
increase protection (refer to Figure 14). 

Plesset!! recently reported work, spon- 
sored by Office of Naval Research under 
the instigation of the authors, on the role 
of hydrogen cushioning by cathodic gen- 
eration on cavitation damage. In these 
experiments, using a magnetostriction ap- 
paratus, a dished specimen was chosen 
after several trials over a flat faced speci- 
men similar to earlier work by Wheeler.‘ 
The results obtained in the first series 
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Figure 14—Cathodic prctection of cast steel in water. Adopted from W. C. 
Leith, Dominion Engineering Co. Ltd., Canada (1955). 


of experiments, Figure 15, showed that 
current densities of about 50 amperes per 
square foot reduced the cavitation dam- 
age on mild steel by a factor of about 50 
percent, 4340 steel by 35 percent, and 
17-7PH stainless steel by 60 percent for 
exposure periods of one hour. Lesser 
current densities, applied proportionately, 
increased the cavitation damage for the 
same period of time. In all cases, from 
current densities of from 2 to 50 am- 
peres per square foot, hydrogen gas was 
evolved at the cathode. Further experi- 
ments in buffered distilled water showed 
a protective effect whether gas was 
evolved cathodically (hydrogen) or anod- 
ically (oxygen). Where no gases were 
evolved, no protective effect could be 
shown for anodic or cathodic specimens. 


Cavitation Fatigue 

Cavitation fatigue occurs on metals 
and other materials when the implosive 
forces of the collapsing cavities are well 
below the yield strength of the material. 
This lower intensity cavitation damage 
takes place over a longer time scale and 
therefore allows corrosion mechanisms, 
when existing, to influence the rate of 
damage substantially. This type of cavi- 
tation damage is believed to be found 
on most ship propellers and hydraulic 
machinery and is simulated in the au- 
thors’ test apparatus. Mr. M. Graham, 
Head of Materials Laboratory, Boston 
Naval Shipyard, has shown that typical 
transgranular fatigue cracks actually 
occur on propellers in service, which 
were similar to cracks observed on the 
manganese bronze test specimens 
Figure 16). 

The role of the fatigue mechanism in 
cavitation damage was recognized over 
20 years ago by Boetcher*8 and Mous- 
son.°? Kerr!® and Leith® observed an in- 


(see 


cubation period before the onset of cavi- 
tation damage in their magnetostriction 
apparatus. This time interval appeared to 
have a linear relation to the corrosion 
fatigue properties of the metal under 
consideration (see Figure 17). For a 
given material, the incubation time was 
independent of amplitude, but the weight 
loss after a fixed period such as two hours 
appeared dependent on amplitude. 

Wheeler* was well aware of the in- 
teraction between mechanical and corro- 
sion damage in cavitation environments. 
He postulated the concept that lower se- 
verity cavitation collapse forces, greater 
than surface yield point, initiated slip 
at grain boundaries. The anodic prop- 
erties of the grain boundaries when ex- 
posed to a corrosive environment would 
propogate intergranular cracks. Wheeler 
also reported that cathodic protection in 
the order of 1 ampere per square foot 
was effective in eliminating 70 percent 
of the cavitation damage of mild steel 
in 0.1N KCI solution at lower cavita- 
tion severities. 

Wheeler’s observations indicate a dam- 
age mechanism similar to stress corro- 
sion cracking whereby the severity of 
cavitation collapse dislocates grain 
boundaries and causes surface film rup- 
ture. The metal under these stressed 
conditions in a corrosive environment 
quickly causes anodic solution at the 
boundaries which progress rapidly be- 
cause corrosion products are swept from 
the cracks and polarization effects are 
removed at the adjacent cathodic grain 
surfaces. 

The experiments of Kerr and Leith 
substantially support the corrosion fatigue 
mechanism of transgranular cracking of 
metal under repeated cyclical stress 
within the elastic limit in a corrosive en- 
vironment. It is interesting to note that 
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Figure 15—Cavitation damage under cathodic protection conditions (magneto 
striction tests). Adopted from M. S. Plesset “on cathodic protection in 
cavitation damage.’’ ASME paper No. 59A, 170 (1959). 


the incubation time did not change with 
increasing amplitude. It is believed that 
the constant incubation time, independ- 
ent of intensity of collapse force (stress), 
was due to the fact that the corrosion 
damage to the metal surface was more 
severe at lower cavitation intensity, while 
simultaneous mechanical damage was 
less severe. For high intensity cavitation, 
the corrosion damage should be less, 
while the mechanical damage should be 
higher. Therefore, the sum of the corro- 
sion and mechanical damage tend to 
remain somewhat constant. Once the 
protective oxide films are broken down, 
then corrosion and mechanical forces re- 
inforce each other to produce greater 
damage with increasing cavitation col- 
lapse forces (amplitude). 

It is well known that the application 
of low level cathodic protection (10 to 
100 ma/ft?) to a specimen undergoing 
fatigue in a corrosive environment will 
restore its fatigue limit to that of air.5§ 
When current densities are applied in 
excess of those required to arrest corro- 
sion, the consequent hydrogen gas gen- 
eration partially cushions the fatigue 
stresses, resulting in longer term resist- 
ance to damage. 


Cavitation Corrosion 


When the cavitation collapse forces are 
of sufficiently low intensity so as not to 
unduly mechanically stress the metal, the 
damage is generally confined to the de- 
struction of protective films on the metal 
surface and the removal of corrosion 
products. This type of damage, akin to 
velocity and impingement damage, is 
designated as the third mechanism, 
termed cavitation corrosion.27: °° 39 The 
damage to a metal occurring in this en- 
vironment is completely electrochemical 
and as such can be countered readily by 
standard cathodic protection techniques. 
Velocity and turbulence effects promote 
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Figure 16—Photomicrographs of specimens and ship propeller showing simi- 
lar fatigue crack formation during cavitation damage 500X, ammonium 


corrosion by many accepted mechanisms, 
namely: protective film breakdown, dif- 
ferential aeration and differential ion con- 
centration.4° Lichtman et al*° elaborated 
on the role of velocity in cavitation 
damage, which is shown in Figure 18. 

Some other theories on electrochemical 
effects produced by cavitation collapse 
forces are thermogalvanic potentials by 
Krenn® and others, and the ion disasso- 
ciation theory by Marboe,*4 Galtung,*® 
and others.®?6° Whatever the electro- 
chemical mechanism producing cavita- 
tion corrosion, it has been demonstrated 
that velocity corrosion damage can be 
completely controlled by cathodic pro- 
tection.>: 6 7, 37, 38, 61, 62 

The only point which needs resolution 
is how can small amounts of hydrogen 
gas which are evolved at 500 ma/sq ft 
be effective in cushioning cavitation im- 
plosive forces, thereby reducing the fa- 
tigue stress implied by the authors. One 
theory, partially suggested by Eisenberg** 
and amplified further by the authors, is 
that hydrogen gas evolution, even when 
formed at discrete points on the metal at 
relatively low current densities, will form 
a nucleus for the inception of cavitation 
vapor bubbles. Rasmussen*+ has shown 
that small amounts of air well distributed 
in a cavitation environment will greatly 
diminish damage to a metal surface. It 
follows then that the cavitation vapor 
bubble will combine with the hydrogen 
gas bubble to form a composite bubble 
of the two gases. Upon collapse of the 
composite bubble, the vapor condenses 
and the compressible, relatively insoluble 
hydrogen gas component cushions the 
impact, 


hydrogen peroxide etch. 


Summary 

The mechanisms of cavitation damage 
can generally be divided into three cate- 
gories relating to collapse force intensi- 
ties. At severe intensities, cavitation de- 
formation or fracture occurs and_ the 
mechanical mechanism of damage pre- 
dominates, which is not susceptible to 
ready control by application of cathodic 
protection. Only by extreme gas cushion- 
ing can some reduction to damage be 
effected. The only remedies in these cases 
are the use of resistant materials and 
resilient coatings. 

At intermediate cavitation intensities, 
below the yield point of the material, 
cavitation fatigue occurs, whereby corro- 
sion fatigue and stress corrosion mecha- 
nisms predominate, which are susceptible 
to control by the application of relatively 
high current density cathodic protection 
techniques (under 1 ampere per square 
foot). In these cases, the limited evolu- 
tion of hydrogen is effectively used for 
nucleation of the cavitation vapor bubbles 
and combining efficiently with them to 
form an incompressible gas cushion upon 
collapse. The interference with the me- 
chanical and corrosion components of 
damage by the means of cathodic pro- 
tection is an attractive remedy for con- 
trolling this type of damage, which is 
common to marine propellers, pumps, 
and hydraulic equipment. 

At low cavitation intensities, cavita- 
tion corrosion occurs, whereby electro- 
chemical corrosion damage predominates. 
In this case, standard cathodic protection 
techniques (10-100 ma/sq ft) are com- 
pletely effective. 
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Figure 18—Relationship between fluid velocity and corrosion and cavitation 
damage of guiding surfaces. 


Adapted from J. F. Lichtman et al. Trans 


ASME, 80, 6, 1338 (1958) Feb. 


Figure 17—Graph of corrosion fatigue limit of metals and incubation time. 
Adapted from W. C. Leith, Dominion Engineering, 22, 3, 12 (1955). 


Future Studies 

Work is in progress at the Boston 
Naval Shipyard to test brittle plastics 
and ceramics in the cavitation apparatus 
to demonstrate cavitation fracture at 
medium collapse force intensities. An 
attempt will be made to use non-metallic 
inserts in the metal propeller specimens 
to which cathodic protection is applied. 
This experiment would determine the 
influence on hydrogen bubble nucleation 
on the cavitation damage of the insert. 
Other metals will be tried in a_ subse- 
quent test series to determine their order 
of merit in resisting cavitation damage 
and the effectiveness of cathodic protec- 
tion in reducing the damage rate. 

Plans are being considered for 
undertaking a dynamic damage study by 
means of a cavitation disc probe which 
substitutes for the standard specimen in 
the magnetostriction apparatus. This 
probe, under development by Magna 
Products, Inc., measures continuously the 
weight loss of a specimen by well known 
electrical resistance techniques, The de- 


also 


tails of typical probes operating on the 
same principle are described in a paper 
being concurrently presented at the same 
N ACE ( onference.°? 

Othet 


aged is a 


which should be encour- 


critical 


work 
experiment using the 
magnetostriction device where amplitude 
and frequene y can be adjusted to produc e 
controlled cyclical stresses on a specimen. 
The stresses produced should be at high 
intensity, the yield streneth of the 
material; medium intensity, below the 
yield strength but in the fatigue range: 
and light intensity, sufficient to destroy 
surface films and remove corrosion prod- 


] 
ibove u 


ucts. The frequency should be controlled 
for intermittent operation so that a suf- 
ficiently long time scale will permit care- 
ful obsery ation of the deterioration of 
the specimen. Metallics and non-metallics 
should be 
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compared, as well as similar 


specimens in corrosive and non-corrosive 
environments. Cathodic protection and 
hydrogen evolution techniques should be 
applied to selected specimens of a series 
to determine current densities for maxi- 
mum effectiveness. The cavitation probe 
and its associated instrumentation could 
be used to good advantage in these 
studies. 

One other critical experiment is war- 
ranted to test the cavitation bubble 
nucleation thesis of the authors. A micro- 
porous sintered specimen should be tested 
at a suitable amplitude and frequency in 
a corrosive environment to achieve dete- 
rioration by cavitation fatigue. This speci- 
men should be compared with identical 
specimens under low level cathodic pro- 
tection (below hydrogen overvoltage) and 
at high level protection (above hydrogen 
overvoltage). The final specimen should 
be protected with low level cathodic pro- 
tection while simultaneously venting hy- 
drogen gas through the micro-pores from 
the back of the specimen. The rate of 
gas passed through this specimen should 
be equivalent to the Faraday production 
of gas due to the excess current density 
of the high level protection on the other 
specimen. The weight loss of the control 
specimen without cathodic protection 
should be the greatest: with low level 
cathodic protection, less; and the least 
with high level protection. If the weight 
loss gas vented specimen corresponds to 
that of the specimen protected by the 
higher current density, then it can be 
concluded with reasonable certainty that 
small amounts of gas in the vicinity of 
the cavitation collapse region can criti- 
cally reduce damage on a metal surface. 
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DISCUSSION 


Comments by J. A. H. Carson, Pacific 


Naval Laboratory, Esquimalt, B. C.: 


The authors’ logical separation of the 
effects of cavitation damage into these 
groups should provide a sound basis for 
future research and for assessment of the 
problem. It should also go a long way 
towards eliminating some of the confu- 
sion which seems to exist as to the rela- 
tive effects of mechanical damage and 
corrosion. 

Their experimental evidence on the 
benefit of cathodic protection under sim- 
ulated ship propeller conditions will be 
most helpful to me in convincing some 
of the skeptics of the fact that corrosion 
sometimes plays an important part in 
cavitation damage. 

On Page 112 in their comments on 
Kerr’s and Leith’s work, Preiser and 
Tytell suggest that the constant incuba- 
tion time before the onset of cavitation 
damage might be due to a “balancing” 
out of the rates of mechanical and corro- 
sion damage. I find it difficult to see why 
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the corrosion rate should decrease with a 
higher intensity of cavitation. It seems 
to me more likely that the constant in- 
cubation time is due to the time needed 
for the corrosion to produce a stress 
raising cavity. 

With regard to future work, I wonder 
if it would not be worthwhile to use cast 
iron as one of the materials for testing 
cavitation effects. With cast iron it is 
particularly easy, by metallographic 
means, to distinguish between mechanical 
and corrosion effects. I believe they ad- 
vocated such examinations at the last Sea 
Horse Institute meeting, as has Dr. D. J. 
Godfrey in England. 


Reply by the Authors: 


We are delighted that our approach to 
cavitation damage has been received well 
by J. A. H. Carson. Referring to his com- 
ment regarding the balancing out of cor- 
rosion and mechanical damage, the au- 
thors have corrected the text to eliminate 
the word “rates.” What was meant was 
total corrosion decreases with high in- 
tensity cavitation since the time scale for 
damage is considerably shortened. Kindly 
refer to Mr. Tudor’s comments and au- 
thors’ reply. 

Mr. Carson’s suggestion of using cast 
iron specimens to distinguish between 
corrosion and mechanical damage under 
metallographical examination is well 
taken and accepted for the record. It is 
our understanding that Dr. Godfrey has 
achieved excellent results with cast iron 
and the data were to be or have been 
published recently. 


Comments . Commander E. P. Coch- 
ran, Jr., USN: 

I have read the paper with great in- 
terest. The work reported is a contribu- 
tion to the understanding of cavitation 
erosion. Unfortunately the question of 
the possibility of control of cavitation 
erosion in a moving stream is not clearly 
answered. The velocities used—relative 
velocity of the test specimen to the fluid 
—are so low as to be in the zone where 
corrosion is believed to be a major fac- 
tor in damage. Because of this, the possi- 
bility exists that the work reported is an 
example of cathodic protection of corro- 
sion damage. 


I think it is most important that a well 
designed test be conducted at the earliest 
available time to determine the degree 
of control possible of cavitation erosion 
in sea water under flow conditions. 


Replies by the Authors: 


We do not agree that the relative ve- 
locity between test specimens and fluid 
were so low that no cavitation existed. 
We think the model tests at the David 
Taylor Basin show sufficient evidence 
that cavitation collapse was taking place 
on the blades. However, we do agree that 
any actual shipboard test of cathodic 
protection of a cavitating propeller would 
be most conclusive and desirable. It is 
our understanding that the navy is con- 
sidering a special project of this magni- 
tude using a specially designed propeller 
hub anode. 
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Comments by H. H. Collins, Bordesley 
Hall, Alvechurch, Birmingham, Eng- 
land: 

The paper by Mr. Preiser and Mr. 
Tytell is of considerable interest to us. 
The idea that at least two mechanisms, 
one of corrosion and one of erosion, are 
present throughout the spectrum of cavi- 
tation damage, merely varying in their 
relative importance, seems very plausible 
and we have used it for some time as a 
convenient way of thinking about the 
problem. 

In our experience however the spec- 
trum suggested by Lichtman et al (Fig- 
ure 18) is not quantitatively representa- 
tive of the facts, although it is probably 
qualitatively correct. Certainly we have 
seen cast iron ship propellers subject to 
water velocities of up to 110 ft. per sec- 
ond which have been damaged by a 
process which is essentially corrosion, as 
indicated partly by the appearance of the 
damage and partly by the practicability 
of preventing it by cathodic protection. 
On the other hand, when cast iron pro- 
pellers and other components have been 
subjected to velocities of less than about 
50 ft. per second, they are normally 
found to be free from severe local attack, 
although of course they may still be 
subject to general corrosion at rates 
dictated by the velocity, composition and 
temperature of the fluid in question. 

We are particularly interested in the 
results from the Boston Cavitation rig 
and especially those illustrated in Figure 
12. These suggest that mild steel moving 
through seawater at about 120 ft. per 
second can be cathodically protected by 
an applied current density of 400-500 
milliamps per sq. ft. It may be noted in 
passing that this also suggests that the 
diagram (Figure 18) due to Lichtman et 
al is inexact quantitatively, since it indi- 
cates that a velocity of 120 ft. per second 
causes predominantly cavitation erosion 
while the evidence of the cathodic pro- 
tection suggests that at this velocity the 
damage is predominantly due to corro- 
sion. 


The contrast between the values of 0.5 
amps per sq. ft. and 240 amps per sq. ft. 
(Figure 14) required to reduce damage 
to insignificant proportions in respectively 
corrosive and erosive conditions is very 
marked, but in our work on the protec- 
tion of cast iron propellers we have never 
found a value of even 0.5 amps per sq. ft. 
to be necessary. A current density of 0.03 
amps per sq. ft. is usually sufficient in 
practice. However there is good evidence 
to show the the current density required 
depends on the potential of the propeller. 
Apparently the important thing is to 
polarize the propeller to a potential of 
about 0.85 v. to a copper/saturated 
copper sulfate half cell. It would be in- 
teresting to hear if the authors have 
noted any similar effect in their work. 


Replies by the Authors: 

We are grateful to H. H. Collins for 
his discussion. We are in agreement that 
Lichtman et al (Figure 18) present only 
a qualitative spectrum and do not take 
into consideration that the formation of 
cavities at low velocity flows can. still 
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cause damage in the cavitation fatigue, 
and cavitation corrosion range. 

The comment regarding Figure 12 of 
the paper should be withdrawn since 
there was a typographical error appear- 
ing in the legend of the copy of the paper 
he saw. The corrected RPM is 1250 in 
lieu of 1750 shown in the preprint. There- 
fore, the velocity under consideration is 
slighily over 80 fps and not in the 120 fps 
range. 

The data presented by Mr. Collins on 
the protection of cast iron propellers is 
valuable. The lower current densities re- 
quired for full protection are indicative 
that cavitation corrosion was predomi- 
nant. Although we agree that current 
density depends on the potential of the 
propeller, we have found that above 0.9 
volts to the Ag-AgCl cell, additional cur- 
rent only aids in the liberation of more 
hydrogen and not in increasing potential. 
We think the most important thing to 
keep in mind is that the intensity of 
collapse is not only dependent on velocity 
of flow, but also on the rate of change of 
pressures in the fluid stream and the 
properties of the fluid itself, in particular 
air content. 


Comments by J. T. Crennell, Central 
Dockyard Laboratory, H. M. Dock- 
yard, Portsmouth, England: 

I must congratulate the authors on the 
successful operation of their Boston Test 
Rig, which has some very important fea- 
tures not paralleled by any laboratory 
rigs. In particular, in my view, it is much 
more acceptable than any magnetostric- 
tion device, which does not include the 
high water velocity relative to the speci- 
men. I think this feature is quite vital 
in any experiments with cathodic pro- 
tection. 

The results which they publish are 
most interesting, and as they describe 
them as “rather preliminary,” I hope 
there will be a lot more to follow. 

Their sub-division of cavitation damage 
into distinguishable grades of increasing 
severity should help to clarify the mecha- 
nism. I think many people are beginning 
to realize that different processes are at 
work, ranging from corrosion to gross 
mechanical damage. 

I should like to ask them for some 
additional information which they do not 
mention, though I think they may well 
have obtained it. Their description of the 
test rig includes a reference electrode “for 
polarization-potential measurements”; but 
they do not include any such results. I 
am particularly interested in the current 
density / potential / water-speed _ relation- 
ships, and if they have any such informa- 
tion it would be most valuable. It has 
also, of course, a direct bearing on the 
mechanism of preventing “cavitation cor- 
rosion” by cathodic protection. To a first 
approximation, I should expect the po- 
tential required for cathodic protection to 
be the same at high water speeds as at 
rest; observation of the minimum “pro- 
tected potential” in their rig would be 
very informative. 

It is possible that with bronze speci- 
mens, (but not I think with rusted steel) 
the interpretation might be complicated 
by the fact that some alloys can show a 
much more anodic potential when their 
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protective film is removed—e.g. by abra- 
sion, impingement or cavitation—and 
hence may require a more negative po- 
tential for cathodic protection. 


Reply by the Authors: 

The authors thank J. T. Crennell for 
his support and complimentary comment. 
Regarding potential measurements made, 
we found that while the rig was in opera- 
tion, the closed circuit potentials of the 
propeller were erratic and meaningless 
because of interference of the close prox- 
imity anode. Open circuit measurements 
were also inadequate due to the rapid 
fall of potential while the rig was oper- 
ating. It was decided to dispense with 
further measurements until a more suit- 
able technique could be devised. There 
was an opportunity some time ago to 
make a potential measurement on an 
operating ship bronze propeller polarized 
at 500 ma/sq ft and from memory, we 
recall a potential to silver-silver chloride 
of —0.90 volts. 


Comments by M. G. Duff, 1 Guildhall 

Street, Chichester, Sussex, England: 

I have read the paper with very great 
interest, more particularly perhaps _be- 
cause it broadly confirms the theories I 
have myself developed based on practical 
field work on the problems of propeller 
breakdown on ships. I would like to offer 
the authors my congratulations on the 
admirable presentation of their material, 
which cannot fail to be of great value to 
all of us who work in this field. 

The description of the test apparatus 
states that solution potentials of the pro- 
peller were recorded with reference to 
the normal silver/silver chloride half-cell, 
but does not indicate how connection was 
made from the voltmeter to the rotating 
shaft. It would, I think, be of interest to 
know what means were employed to 
achieve reliable contact at this point. 

I too shall be more happy to see the 
disappearance of that over-uised and mis- 
leading phrase “cavitation/erosion.” We 
have here referred for some years to these 
phenomena under the umbrella name of 
“cavitation /corrosion /erosion” —listing 
the causes in what we have believed to 
be their order of action in the breakdown 
of a ship propeller: but it is a clumsy 
phrase and attempts to cover too much. 
We willingly subscribe to the authors’ 
proposed nomenclature which at least 
makes a fair attempt to differentiate the 
preponderant causes in any given case. 

As I understand it, the authors hold 
that cavitation fatigue is the principal 
cause of damage to ship propellers, and 
that relatively high (to us) current densi- 
ties may be required to control damage 
completely. This is not altogether in line 
with my experience, and I would suggest 
that the physical cavitation component 
plays an almost negligible part in the 
breakdown of such propellers. Quite low 
current densities (of the order of 30-50 
ma/sq ft) have been found to prevent all 
damage to uncoated cast iron, manganese 
bronze and nickel aluminum bronze pro- 
pellers under service conditions in sea- 
water, even under conditions where the 
prior breakdown tendency has been se- 
vere. We have some hundreds of cases 
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on record over a period starting about 
six years ago. Failures have been very 
few indeed, and I can think of no case 
where an initial failure has not been 
overcome by measures other than an in- 
crease in current density, or, in one or 
two current cases, where we cannot forsee 
overcoming the difficulty without such in- 
crease. 

To the above I must add that our ex- 
perience is confined to ships of about 
1,000 tons and under, but I believe that 
by and large the operating conditions of 
propellers tend to be worse on small ves- 
sels than on their larger sisters. On the 
basis of this experience (and on the 
assumption that the hydrogen-cushion ef- 
fect is inconsiderable at such densities) 
it would seem to me that with ship pro- 
pellers we are mainly concerned with 
cavitation corrosion rather than cavita- 
tion fatigue. 

There is one point of great importance 
which by the nature of their experiments 
the authors have not covered, and it 
would be of great value if they could con- 
tribute any helpful information thereon. 
In practice galvanic anodes are widely 
used as a source of protective current, 
and in small vessel work their use is 
largely unavoidable. This (at the low 
voltage involved) brings the need for 
highly efficient shaft-bonding equipment, 
and in fact most of our difficulties in 
propeller protection (whether on wood, 
alloy or steel vessels) are at present asso- 
ciated with this factor. 


Reply by the Authors: 


In reply to M. G. Duff’s remarks, we 
offer the following. The voltmeter con- 
nection of the silver-silver chloride cell 
to the rotating shaft was by means of a 
silver graphite brush bearing against the 
upper part of the shaft near the motor, 
well above the water surface. Even with 
maximum cavitation, potential readings 
were erratic and therefore not too mean- 
ingful. Refer our reply to Mr. Crennel’s 
comments. 

The details of Mr. Duff’s experience 
in operating propellers are a valuable 
addition to the record. We agree that 
cavitation corrosion is the probable cause 
of damage in the cases he cites. Our 
thesis about propellers, being concerned 
mainly with cavitation fatigue, applied 
more particularly to naval ships where 
speed and loading are nearer design 
limits than for commercial marine prac- 
tice. 

We concur with Mr. Duff on the need 
for efficient shaft bonding equipment, 
especially where cathodic protection is 
being applied by low voltage galvanic 
means. U.S. Navy practice has been to 
use precision fitted bronze slip rings on 
the section of the shaft aft of the first 
inboard flange. Electrical contact is then 
made by conventional brush methods us- 
ing silver or copper impregnated graphite 
to reduce wear. We have found this to 
be an expensive practice and therefore, 
for commercial vessels, we recommend 
substituting a metallic foil packing such 
as lead for part or all of the conventional 
flax packing in the tailshaft stuffing tube. 


Comments by F. L. LaQue, The Inter- 
national Nickel Co., Inc., New York, 
N.Y.: ’ 

In addition to the experimental pro- 
gram and results described and discussed 
in this paper, the authors have provided 
a very useful discussion of the several 
forms of damage frequently described 
loosely as cavitation erosion. I am in 
agreement with the distinctions they 
make among cavitation deformation or 
fracture, cavitation fatigue and cavitation 
corrosion. However, since more than one 
of these forms of damage can occur 
simultaneously, I am not prepared to 
abandon the use of the term cavitation 
erosion to describe what may happen. 
Nevertheless, I see a good deal of merit 
in using the terms suggested by the 
authors to indicate which of the aspects 
of cavitation erosion have been most 
likely predominant in the damage that is 
observed. 

For many years I have emphasized the 
defect of many cavitation erosion tests, 
and particularly those involving high fre- 
quency vibrations related to the exaggera- 
tion of resistance to mechanical forces 
relative to resistance to corrosion as a 
factor in determining the extent of dam- 
age that occurs. 

For some years Inco has been sponsor- 
ing research being undertaken by Dr. 
M. S. Plesset at the California Institute 
of Technology having as its objective the 
development of a cavitation test proce- 
dure which would permit more valid 
comparisons of materials by diminishing 
the emphasis on mechanical factors and 
increasing emphasis on corrosion factors. 
Results of recent experiments which have 
not yet been published by Dr. Plesset 
show that by controlled interruption of 
vibration of test specimens so as to follow 
a few milliseconds of vibration by a 
period of rest so that vibration occurs 
only for about one-twentieth the total 
time of exposure in the test, it is possible 
to make clear distinctions between ma- 
terials having the same hardness with 
different levels of resistance to corrosion 
and between corrosive and non-corrosive 
liquids where materials vulnerable to 
corrosion are involved. We are confident 
that further work along this line will re- 
sult in a method of test that will yield 
meaningful results and which will permit 
even more precise evaluation of the in- 
fluence of applied currents as they may 
affect the extent of damage by cushioning 
effects of evolved gases or by electro- 
chemical suppression of corrosion and 
combination of these two effects. 

I am pleased that by work such as re- 
ported by the authors of the present 
paper and by Dr. Plesset we are well 
along the road to a better understanding 
of cavitation erosion and how to control 
such damage either by choice of ma- 
terial, application of protective currents, 
or combinations of such steps. 


Reply by the Authors: 

We are pleased with the kind comment 
by F. L. LaQue and are happy to learn 
of the controlled interruption or time 
delayed bursts of cavitation studies being 
conducted by Dr. M. S. Plesset. The 


authors have advocated this approach for 
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the past several years and are certain that 
it will yield comprehensive and fruitful 
results. 


Comments by W. C. Leith, Dominion 
Engineering Works Limited, Montreal, 
Canada: 

This paper is a timely contribution on 
the electrochemical approach to cavita- 
tion damage, specifically for a cavitating 
ship’s propeller in open seawater. The 
authors are to be congratulated for this 
excellent review and summary. However, 
the distinct advantages of cathodic pro- 
tection in seawater are hardly directly 
applicable to the general field of cavita- 
tion, including closed liquid systems us- 
ing distilled water, aircraft hydraulic 
fluid, lubricating oils, and liquid metals. 

The writer disagrees with the statement 
that “inhibitive additions generally do 
not alter cavitation damage when studied 
under accelerated laboratory conditions,” 
since we have studied the role of con- 
taminants in closed liquid systems with 
some success. The following data were ob- 
served first in the standard ASME mag- 
netostriction test and later confirmed by 
field experience: 

(a) 0.01 percent copper ions added to 
distilled water at 76 F increases the in- 
tensity of cavitation attack on aluminum 
by 40 percent. 

(b) 0.03 percent anti-foam agent added 
to diesel lubricating oil at 200 F increases 
the intensity of cavitation attack on alu- 
minum by 300 percent. 


(c) 0.2 percent buffered chromate or 
organic inhibitor added to distilled water 
at 170 F decreases the intensity of cavita- 
tion attack on cast iron by 60 percent. 

The authors have mentioned the struc- 
tural variations in materials, but the im- 
portance of these effects is not generally 
discussed. A few examples may be of 
interest: 

(a) The commercial tolerances on the 
porosity and non-homogeneity of alloy 
cast iron used in diesel cylinder liners 
often spells the difference between slight 
and serious cavitation damage. 

(b) The slightly higher density or 
specific gravity of weld metal joining 
rolled metal of the identical chemical 
composition can be neglected in water 
turbines, but the decreases of corrosion 
resistance of the parent metal at the 
weld boundary could be important for 
hydrofoil craft operating in seawater. 

Perhaps the early work of Ramsay 
(1912)* could have been referred to, 
since he was one of the first to suggest an 
electrochemical concept of cavitation 
damage. 


Reply by the Authors: 


The comments by Dr. W. C. Leith are 
accepted with appreciation as a valuable 
addition to our paper. We are glad to 
see data which show that the effect of 
inhibitive additions on cavitation damage 
can be detected under accelerated lab- 
oratory conditions. 

The examples given of the effects of 
structural variations in materials on cavi- 


* W. Ramsay. Corrosion of Bronze _Propellors. 
Engineering, London, Vol. 93, pp. 687-690 
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tation damage are gratefully acknowl- 
edged, as is the early reference to W. 
Ramsay. 


Comments by J. Z. Lichtman, Naval 
Material Laboratory, New York Naval 
Shipyard, Brooklyn, N.Y.: 

The authors’ paper is a valuable con- 
tribution to the development of methods 
of control of cavatation erosion under 
conditions more closely simulating service 
conditions than many reported to date. 
This discussion will relate to several 
areas, as follows: 

a. Terminology 

b. Experimental conditions 


c. Further studies 


a. Terminology. 

The introduction of new terminology 
is not believed justified if definitions of 
presently used terms are agreed on. 

The presently aecepted! term “cavita- 
tion erosion” is defined as material dam- 
age caused primarily by mechanical stress 
impingement associated with cavitation 
bubble collapse. The stress level may ex- 
ceed the yield strength of the material 
or may exceed the fatigue strength result- 
ing in fatigue erosion. Also the terms 
‘“cerrosion” or “erosion corrosion” used 
by previous investigators?»* are defined 
as electrochemical damage of metals, in- 
fluenced by environmental factors includ- 
ing fluid velocities and scouring removal 
of protective films. It is believed that 
the use of more restrictive terminology 
proposed by the authors in lieu of the 
above terms may tend to confuse rather 
than clarify the understanding of the 
basic mechanisms involved. 


b. Experimental Conditions. 

The rotating bar experiments described 
by the authors were reported as having 
been carried out under conditions such 
that cavitation erosion due to stress fa- 
tigue of the metallic bars was obtained. 
Polarization of the bars was then believed 
to result in hydrogen evaluation and 
cushioning of the collapsing cavitation 
bubbles, thus diminishing the erosion. 
However, the discusser believes, for the 
following reasons, that the observed dam- 
age was primarily caused by corrosion 
(as defined above) and the decrease of 
damage under polarization was due to 
decrease of corrosion by cathodic protec- 
tion, and not due to control of cavitation 
erosion. 


1, Distribution of Damage Along Bars. 
It is noted that the bars, Figures 9 and 
10, showed damage extending from the 
ends to within approximately 1 inch of 
the hub. High degrees of damage were 
indicated at the ends and toward the hub 
and a lower degree seemed to occur be- 
tween these two areas. The occurrence of 
damage closer to the hub resembles the 
condition observed by LaQue when 5 inch 
diameter cast iron disks were rotated at 
1140 rpm, as described by Copson.* 


2. Velocity of Specimen Rotation. At 
a shaft speed of 1250 rpm, the linear tip 
velocity of the bars is calculated to be 
approximately 80 fps. Knapp* and. the 
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discusser and co-authors® have found that 
the impingemert intensity of cavitation 
bubble collapse increases approximately 
as the 6th power of fluid velocity, using 
ogival bodies mounted in a water tunnel 
and a rotating disk having radially lo- 
cated cavitation sources. Also it was 
found that below velocities of approxi- 
mately 60 fps, the impingement intensity 
was too low to cause yield or fatigue of 
very low yield strength materials such as 
aluminum 1100-0. Similar observations 
were made by Rasmussen®? and 
Shal’nev,® using bar specimens in water 
tunnels. In view of the lower linear 
velocity of the bars except at the ends, it 
is unlikely that the observed damage was 
cavitation erosion caused by impingement 
fatigue. 


c. Future Studies. 

The questions raised regarding the ex- 
perimental conditions used by the authors 
may be resolved by carrying out similar 
experiments in fresh water so that corro- 
sion factors would be absent. If cavita- 
tion erosion of the bars was occurring in 
sea water, comparable erosion would also 
occur in fresh water. As an alternate to 
these experiments, the discusser suggested 
in August 1959 in comment on a report 
by Rozene and co-authors’ that experi- 
ments be carried out in sea water using 
non-metallic specimens (low impact re- 
sistant styrene, polyester or PVC bars). 
Plastic coatings of these or epoxy types 
also may be applied directly to the me- 
tallic bars. These plastic materials have 
been found® to have lower cavitation ero- 
sion resistance than the metals used by 
the authors and therefore would erode 
more rapidly in a cavitation erosion en- 
vironment. However, if the cavitation 
collapse stresses are actually of a level 
too low to cause erosion or if collapse 
occurs downstream from the bars, the 
plastic bars or coatings would show no 
damage. Regarding the matter of current 
densities used by the authors it should 
be noted that these values are consider- 
ably lower than those used by Plesset!® 
and Leith.1! Further study of these dif- 
ferences should be made to determine the 
degree to which hydrogen evaluation is 
being obtained in the Boston experiments 
and its relation to the work of Plesset and 


Leith. 
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Reply by the Authors: 
We wish to thank Mr. J. Z. Lichtman 


for his comprehensive discussion of our 
paper. We are sorry to learn that our 
separation of the various types of cavita- 
tion damage does not meet with Mr. 
Lichtman’s approval. However, we feel 
confident that there is a growing body 
of thought in this ¢ountry and abroad 
that supports our view. 


We take exception to Mr. Lichtman’s 
contention that the damage observed on 
the bars was distributed in the manner 
he describes. The damage was decreas- 
ingly less from the tips of the bars down 
the length. In fact, since the patterns, 
except for intensity, were identical for 
both the steel and bronze specimens, we 
reiterate that the simple eorrosion mecha- 
nism under velocity conditions did not 
occur. We object to the idea that velocity 
of the specimen is the only parameter 
that is valid in determining the intensity 
of cavitation. Here again, the rate of 
formation and collapse and the repetitive 
concentration of the collapsing cavities 
are significant factors to cause fatigue. 
The transgranular cracking observed on 
damaged areas of the specimen was sim- 
ilar to that observed on an actual pro- 
peller (Figure 16) and therefore, further 
substantiates the conclusion that cavita- 
tion fatigue was present. 


Regarding future studies, it is true that 
low impact plastics should show evidence 
of mechanical damage when subjected to 
similar test conditions. We agree that 
fresh water tests would be useful in that 
fatigue damage should still be present 
even though corrosion factors are re- 
duced. The damage would be expected 
to be produced over a longer exposure 
interval. 


Regarding current densities, no at- 
tempt was made to reproduce the current 
densities used by Leith or Plesset since 
they were operating in the cavitation 
deformation range and therefore needed 
full mechanical cushioning to reduce col- 
lapse forces on the metal surface. Our 
experiment was to show that with rela- 
tively small amounts of current, we were 
able to protect the specimen from corro- 
sion and generate enough hydrogen to 
cause nucleation of the cavitation bubbles 
to reduce their impact upon implosion. 
There has been no attempt or purpose 
to relate these current values to those of 
Leith or Plesset because of the funda- 
mental difference in the prevalent dam- 
aging mechanism. 


Comments by J. H. Morgan, 11 Imber 
Grove, Esher, Surrey, England: 


Among the theories of cavitation dam- 
age are several which propose that the 
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damage is the result of ionization phe- 
nomena. 


One of the most acceptable ways of 
looking at this theory is to assume that 
there is some form of charge separation 
taking place within the ionized cavity, 
and giving to this separation some ran- 
dom quality. This may merely be a ran- 
dom variation upon a definite trend of 
separation in one direction, or, alterna- 
tively, it may be the result of completely 
random separation giving reversal of 
polarity with respect to the cavitating 
surface. 


Some of the attractive points of this 
hypothesis are that it explains the reason 
for damage at the point of cavity col- 
lapse, and not at the point of cavity 
initiation, and also, to some extent, ac- 
counts for the severity of the attack, and 
for such phenomena as the blueing of 
steel under high intensity cavitation. It 
would also account for the partial success 
at present achieved with many applica- 
tions of cathodic protection. 


It might be reasonable to reassess the 
criterion for cathodic protection in the 
light of this hypothesis. If the mechanism 
of cavitation damage is to create a small 
dipole which discharges itself and when 
this occurs so as to involve a metal, then 
that metal is electrolytically dissolved, 
we have somewhat different conditions 
from those normally suggested in galvanic 
corrosion. If we take the simplest case, 
we are creating a small dipole, which 
extends from the metal surface some dis- 
tance into the electrolyte; to prevent its 
formation we must create a_ potential 
gradient, which stops charge separation 
or, if charge separation occurs, which 
balances out the dipole on its formation. 

The criterion for protection now would 
seem to be that we create a potential 
gradient in the electrolyte, close to the 
surface. It may not be possible to use the 
effect of polarization at the immediate 
interface in calculating this potential 
gradient. 


If this is the case then it will be much 
easier to protect against cavitation dam- 
age in fresh water than in sea water. 
There have been cases of this reported, 
though they are not sufficient to offer as 
evidence. 

If the charge separation occurs as a 
random process then at a particular level 
of cathodic protection some cavities will 
not produce a destructive dipole, whereas 
others will, and thus a small amount of 
corrosion or cavitation attack will occur. 
Many cases are reported where what ap- 
pears to be adequate cathodic protection 
under static conditions was not adequate 
in the presence of cavitation, though a 
considerable amount of corrosion was 
suppressed. It may be that a new criterion 
of protection is necessary. It certainly 
would seem that some cathodic reaction 
on the surface does some good, while to 
achieve complete protection a consider- 
able potential gradient may be necessary. 

Absolute protection may not be as 
easily realized, because of the occasional 
large dipole, as it is in the case of con- 
ventional corrosion and cathodic pro- 
tection. 


Reply by the Authors: 

The*theory proposed by J. H. Morgan 
is quite interesting and plausible provided 
that one accepts the idea that all cavita- 
tion damage is electrochemical in origin. 
The theory fails to take into considera- 
tion fracture failures caused by the me- 
chanical severity of cavity collapse under 
certain flow conditions. The advantage of 
the authors’ hypothesis is that it does not 
abrogate the mechanical view of cavita- 
tion damage but merely extends the spec- 
trum of cavitation intensity to include 
damage by predominately other mecha- 
nisms such as fatigue and corrosion. 


Comments by L. M. Mosher, Bethlehem 
Steel Co., Quincy, Mass.: 


The authors have presented an inter- 
esting concept of the mechanisms respon- 
sible for cavitation damage. Their sub- 
division of these mechanisms into three 
groupings in terms of severity appears to 
be a reasonable approach to the problem. 
It would appear to the writer that some 
clarification of the authors’ grouping of 
“cavitation corrosion” is in order. There 
is no doubt that metal damage can occur 
as a result of the destruction of its pro- 
tective films and/or the removal of corro- 
sion products that might exert a stifling 
effect. It is significant that this damage 
may be strongly accelerated by anodic- 
cathodic considerations if the above de- 
struction of protective films or corrosion 
products is a localized effect. As stated by 
the authors, cavitation collapse forces can 
cause such damage. However, the same 
end results can be produced by the scour- 
ing effect of moving liquids whether or 
not they contain abrasives or other con- 
taminants. It follows that velocity and 
other erosive forces can accelerate corro- 
sion damage in the absence of cavitation 
effects. ‘“Erosion-corrosion” still appears 
to be the most descriptive term for the 
latter type of damage. This suggests that 
the authors’ term “cavitation corrosion” 
should be used only when film damage is 
known to be attributable to cavitation 
forces, 


Reply by the Authors: 


We thank L. M. Mosher for his 
thoughtful remarks. It is true that any 
method of mechanically removing pro- 
tective films and corrosion products from 
a metal will cause an acceleration of the 
corrosion process, especially where such 
action is localized. We agree that under 
certain conditions, moving liquids may 
exert enough of an erosive force to cause 
disruption of these films without the pres- 
ence of cavitation. There is no objection 
to the term “erosion-corrosion”’ as long as 
it can be confined to describing the above 
type of damage. We would like to see a 
Corrosion Glossary, such as in the Corro- 
sion Handbook, revised so as to include 
more rigorous definitions of these phe- 
nomena. 


Comments by Wm. J. Rheingans, Allis- 
Chalmers Manufacturing Company, 
York, Pa.: 

There has been much speculation in 
recent years as to the effects of cathodic 
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protection against cavitation damage. 
Numerous experimental tests have been 
made using accelerated cavitation ap- 
paratus with varying results. 

The author used a new technique in 
reproducing very nearly the prototype 
conditions with his test rig. In general, 
cathodic protection tests using accelerated 
cavitation apparatus differ from proto- 
type conditions in two important respects: 
The severity of the implosive forces of 
the collapsing cavities and the absence of 
relative high velocity flow between the 
test specimen and the test liquid. Ac- 
celerated cavitation apparatus produces 
rapid removal of material indicating 
cavitation deformation and fracture. The 
time required to produce serious damage 
on the test specimen is so short that the 
effect of cavitation fatigue or cavitation 
corrosion is negligible. 

The absence of flow in the accelerated 
tests tends to permit the accumulation 
on the test specimen of gas bubbles re- 
leased by cathodic action. Where the 
liquid flows over the test specimen, con- 
tinual removal of the gas bubbles at 
various rates presents an entirely dif- 
ferent problem, as was pointed out by 
Plesset.1 


The test rig used by the author pro- 
duces cavitation conditions and damage 
very similar to that of the prototype and 
during about the same time interval. 
Thus, the full effect of cavitation fatigue 
and corrosion is present during the tests. 


However, the flow pattern of the proto- 
type is not reproduced by rotating the 
test specimens in still water. Furthermore, 
the flow over blades would have been 
closer to the prototype flow than the flow 
over the cylindrical rods used for the 
preliminary test. 


It is quite possible that the flow pat- 
tern has very little effect on cathodic 
protection. The best way to determine 
this would be to try it on a prototype 
under actual service conditions. 


The author presents an interesting dis- 
cussion on the various types of cavitation 
damage, and his analysis is supported by 
our present extensive knowledge of cavi- 
tation phenomena. However, he may find 
it difficult to obtain general acceptance 
of the three terms suggested when refer- 
ence is made to overall cavitation dam- 
age. Admittedly “cavitation erosion” is 
more or less ambiguous. Therefore, we 
may have to settle on “cavitation dam- 
age” as being somewhat more descriptive 
of the three types of damage outlined. 

The author has proposed a compre- 
hensive and interesting program for fu- 
ture studies which should go a long way 
in adding to our knowledge of cavitation. 
In the interests of hydraulic machinery 
which operates in fresh water, similar 
studies using the author’s technique in 
fresh water would be of considerable 
value. The most interesting test, of 
course, would be to try the cathodic pro- 
tection on prototype ship propellers. 


Reply by the Authors: 

W. J. Rheingans’ analysis is very in- 
formative. It is true that flow over blades 
would have been closer to the prototype 
than flow over rods, but here again we 
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were faced with the problem of designing 
a no-thrust blade or increasing the power 
to drive the model propeller and provid- 
ing suitable holding arrangements for the 
barge. There is no doubt that cathodic 
protection of actual ship propeller operat- 
ing under cavitating conditions should 
yield more conclusive information. The 
authors are planning further work along 
these lines. 


Comments by T. Howard Rogers, De- 
fence Research Board, Naval Research 
Establishment, Dockyard Laboratory, 
HMC Dockyard, Halifax, N. S.: 

I was very attracted by the paper be- 
cause it puts on paper, I think for the 
first time, ideas that I and my colleagues 
have had on this subject. Our opinions, 
however, have been engendered more 
by the assessment of practical failures 
“san by laboratory experiment. I cannot 

cy we have examined hundreds of 

cases of cavitation damage, but we have 
examined dozens, and not on propellers 
alone. We have thought for some time 
that: 

a) The magnetostriction apparatus, 
though a useful tool in cavitation dam- 
age research, does not reproduce the 
type of attack or conditions usually 
found in service failures. 

b) There is more than one type of 
cavitation damage, or shall we say there 
is more than one level of cavitation 
damage and they are fairly distinct. We 
could perhaps argue the limits of your 
classifications, but they are a good ap- 
proximation. 

‘c) In our opinion the success of ca- 
thodic protection as a preventive meas- 
ure will depend upon the type and level 
of cavitation present. May we say we 
do not consider damping by bubbles to 
be cathodic protection, nor can this type 
of protection be used to indicate quanti- 
tatively the amount of the electrochemi- 
cal component in cavitation damage. We 
wonder if you have seen the three papers 
by Higgins on the Cathodic Protection 
of Cast Iron Propellers published earlier 
this year in Corrosion Prevention and 
Control. 

Two final points. We are becoming 
more and more convinced that impinge- 
ment attack and cavitation damage are 
not the same thing, and we are begin- 
ning to wonder if perhaps the repair of 
cavitation damage areas on_ propellers 
is not more lasting, if a softish fill like 
a tin-base solder is used in lieu of hard 
welding. We may be able to use plastic 
patching. 


Reply by the Authors: 

T. H. Rogers’ comments are greatly 
appreciated. We concur with the idea 
that cathodic protection as a preventive 
measure will depend on the level or in- 
tensity of cavitation present. The damp- 
ing of cavitation bubbles by the forma- 
tion of cathodic hydrogen bubbles is a 
step beyond simple cathodic protection 
and as such, any reduction in cavitation 
damage is due both to the lessening of 
mechanical forces and the elimination of 
corrosion forces. Therefore, quantative 
separation of the electrochemical com- 


548t 


CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


ponent of cavitation damage can only 
be realized by careful experimentation 
in which the, mechanical aspects of the 
damage are not altered by any suppres- 
sion of the electrochemical forces. This 
would require an exact balancing of cor- 
rosion current by cathodic protection cur- 
rent. 

The articles by R. I. Higgins referred 
to by Mr. Rogers were read by the au- 
thors and are included in Reference 37 of 
the manuscript. 

Regarding the last comment by Mr. 
Rogers, more work will be required to 
distinguish cavitation corrosion damage 
from impingement attack. We _ believe 
that impingement attack is of a lower 
order of mechanical intensity than cavi- 
tation collapse, both of which accelerate 
corrosion reactions. The idea of using 
soft patches for repair of areas of pro- 
pellers damaged by cavitation has merit, 
especially if the fill material is corro- 
sion resistant and has mechanical resili- 
ence and toughness. Some work along 
these lines was done by the U.S. Navy, 
but no follow-up on the results has been 
made _ available. 


Comments by S. Tudor, Naval Material 
Laboratory, New York Naval Shipyard, 
Brooklyn 1, N.Y.: 


The authors are to be congratulated 
for an interesting analysis of the cavi- 
tation damage mechanism theory and 
for providing a clarification of the forces 
reacting to cause such damage. The defi- 
nition of several types of damage mecha- 
nisms which may act simultaneously 
and synergistically appears quite reason- 
able. Considerably more work will be 
required in the field to pin down the all 
important degrees of influence of each of 
the mechanisms for specific applications. 
Results of the future work listed in the 
paper should be of continued interest. 

The three proposed mechanisms in- 
clude cavitation deformation, cavitation 
fatigue and cavitation corrosion. Actually, 
the influence of electrochemical corro- 
sion, apart from cavitation, should also 
be considered as a cause of damage. 
There is no reason to believe that the 
mechanism of damage ascribed purely 
to electrochemical phenomena under ve- 
locity conditions, such as spinning discs 
used by Ffield, O’Neil and Mosher with 
steel specimens corroding from the cen- 
ter outward and bronze from the center 
inward, would not be occurring simulta- 
neously with the cavitation procedures 
listed. Damage due to electrochemical 
corrosion should be considered along 
with the three proposed cavitation cate- 
gories. The relative degree of influence 
of each mechanism is the important cri- 
terion. 

In connection with ship propeller dam- 
age, cavitation fatigue is reported to be 
found on most ship propellers. I should 
like to ask whether the damage shown 
in Figure 2 is considered to be of this 
type. Also, on what part of the propel- 
ler blade did this damage occur? 

Several differences are noted between 
the damage to the cylindrical rod speci- 
mens and the propeller shown in Fig- 
ure 2. 
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a. Damage in Figure 2 and similar 
damage I have observed on other Navy 
ship propellers was very localized, with 
isolated regions of severe damage rather 
than zones of relatively similar depths 
of pits as shown in the trailing portions 
of the cylindrical specimens. I had the 
privilege of viewing early damage to sev- 
eral of the cylindrical specimens and 
commented then that initial damage 
zones generally conformed to the veloc- 
ity patterns attributed to electrochemical 
phenomena. The authors did not concur 
in this opinion. 

b. Current densities of up to 0.5 
amp/sq ft were required to prevent dam- 
age. This is the same range used by 
Fifield, O’Neil and Mosher in their spin- 
ning disc experiments to prevent damage 
attributed purely to electrochemical phe- 
nomena. 

I should like to ask the authors’ opin- 
ion of the reason for the behavior in sea 
and tap water described in Figure 14. 
Is the strong influence of electrochemi- 
cal corrosion and its relative absence in 
tap water a possible explanation? 

On Pages 112 and 113, how do the 
authors justify a lower corrosion damage 
rate under higher intensity cavitation 
conditions? 

Definition of cavitation damage mecha- 
nisms on the basis of severity of con- 
ditions and resultant types of damage 
is a fine contribution. The hazards of 
extrapolating results of severe, accele- 
rated test conditions to describe long 
term service damage are well pointed 
out in the paper. 


Reply by the Authors: 

S. Tudor’s constructive remarks cover 
several aspects of the paper and are an- 
swered as follows: We believe that the 
category “cavitation corrosion” covers 
damage caused by electrochemical cor- 
rosion and it is redundant to subdivide 
this category any further. We are not 
concerned with electrochemical corrosion 
of metals under velocity conditions per 
se, but only with accelerated electro- 
chemical corrosion caused by mild cavity 
collapse below the fatigue intensity on 
metal surfaces. This type of cavitation is 
destructive only to surface films and en- 
courages dynamic corrosion mechanisms 
to intensify their action. However, when 
film-forming mechanisms control electro- 
lytic behavior of a metal such as bronze 
under velocity conditions, then the pat- 
tern of corrosion under cavitation condi- 
tions can differ markedly from the 
pattern produced under simple velocity 
conditions. 

We consider the damage shown in Fig- 
ure 2 to be due to cavitation fatigue. 
This typical pattern occurred near the 
hub at about the 0.3 radius, an area of 
severe cross flows and maximum _ bend- 
ing movement which is believed to be 
the cause of isolated, localized damage 
patterns observed on ship propellers. 

The current densities used by Ffield 
et al for protection of bronze at 100 
fps was 75 ma/sq ft and for steel, 1950 
ma/sq ft. These current densities are a 
function of oxygen diffusion rate to the 
specimens. In the case of steel, corrosion 
was accelerated since oxygen acted as a 
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powerful depolarizer, while for the bronze, 
oxygen aided in maintaining protective 
films. These current densities are only 
representative of a specific situation and 
cannot be used as absolute values. The 
current densities used by the authors 
under “cavitating fatigue” conditions are 
also a function of specific conditions, al- 
though the attempt was made to simu- 
late an actual ship propeller environ- 
ment. We believe that the true criterion 
for protection will be related to polariza- 
tion potentials and hydrogen overvoltage 
values. 

Regarding Figure 14, the current dens- 
ity scale for tap water which appeared 
in the preprint you saw should have been 
shown as 1/10 the value as for seawater. 
The graph now appearing in the text 
is the corrected one. The failure to re- 
duce damage in tap water by increasing 
current density is due to the high re- 
sistance of the water which did not per- 
mit sufficient current to flow to have 
any large effect. In this case of intensive 
cavitation, hydrogen cushioning was pri- 
marily responsible for damage reduction, 
which was not obtainable in fresh water. 


On Page 113, the corrosion damage 
under ~higher intensity cavitation should 
refer to total damage and not to rate of 
damage. Firial text has been corrected 
to reflect this. 


Questions by Charles F. Warnock, Meme 
Grande Oil Co., Apartado 234, Mara- 
caibo, Venezuela: 


1. Were any tests made to determine 
critical speeds where cavitation took 
place or was eliminated? 

2. Were cylindrical test blades elec- 
trically isolated from remaining appara- 
tus such that cathodic currents were col- 
lected only by the test specimens thus 
assuring a current density of 500 ma/sq 
ft on the test specimens? 


Replies by the Authors: 

In answer to C. F. Warnock’s ques- 
tions, we submit the following: Several 
checks were made to determine at what 
critical speed cavitation would begin. It 
was determined by hydrophonic means 
and visual observation in the propeller 
tunnel that 600 rpm was the minimum 
speed under which cavitation could be 
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heard or observed. In the actual experi- 
ment, the cylindrical blades were not iso- 
lated but sufficient current was provided 
to produce an average current density 
of 500 ma/sq ft on all exposed metal 
parts including the test specimens. 


SUMMARY STATEMENTS 

BY AUTHORS 
We are gratified to have received such 
a large response to our paper from our 
colleagues and associates working in the 
area of cavitation damage. Although the 
results are quite preliminary, and some 
hypothetical explanation is required to 
develop a plausible mechanism for cavi- 
tation damage and its prevention by elec- 
trochemical means, we are confident that 
as the work is expanded and extended, 
our views and conclusions will be rein- 
forced. We are glad to know that many 
of the discussers are in general agree- 
ment with our approach, and it is our 
sincere hope that we can convert those 
whose skepticism is justified, by a rash 

of new supporting evidence. 


Any discussion of this article not published above 


will appear in June, 1962 issue 
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The Low Potential Zinc Anode 
in Theory and Application* 


By J. R. WELLINGTON 


Introduction 
HE ADVANTAGES and disad- 


vantages of galvanic anode ma- 
terials for cathodic protection can be 
reasonably discussed only in terms of 
some specific cathode requirement. For 
convenience the example used throughout 
the following discussion is the cathodic 
protection of the most common struc- 
tural material, iron and steel, in sea 
water, (a homogeneous, low-resistivity 
electrolyte). However, the conclusions 
derived may be applied to other electro- 
lytes of higher resistivity and to metals 
other than iron having the same general 
cathodic polarization characteristics. 
Since it is the objective of this paper to 
discuss anode properties and design in 
terms of cathode requirements, it is de- 
sirable first to review briefly the basic 
principles of cathodic protection. 


Principles of Cathodic Protection 

When a metal surface is immersed in 
an electrolyte such as sea water, dif- 
ferences in potential develop on the sur- 
face because some areas are slightly more 
active than others. This potential dif- 
ference causes a current to flow through 
the metal from the less active area to the 
more active area. Where the current 
leaves the metal at the more active area, 
called the anode, metal ions are formed: 


Fe > Fe** + 2e 
Zn — Zn++ + 2e 


That is, the metal corrodes. Where the 
current enters the metal at the less active 
or more noble area, called the cathode, 
oxygen (if available) is reduced or hy- 
drogen gas is formed by the reduction 
of hydrogen ions as indicated below: 
O.+4H+ -+4e—- 2H.O 
O, + 2H,O + 2e— H.O. - 
2H.O 4 4OH 


fat -- 2e => HH, 


20H 
O. 4 


The complete current path for a gal- 
vanic cell is for the current to flow 
through the metal and out into the elec- 
trolyte at the anode, then through the 
electrolyte and back into the metal 
the cathode. Now since the current flow- 
ing in all parts of the circuit must be the 
same, and since current flow from metal 
to electrolyte and vice-versa can only be 
by the formation or discharge of ions at 
the surface of the metal, the anodic and 
cathodic reactions must always proceed 
at exactly the same rate. If the flow of 


% Submitted for publication June 24, 1961. A 
peer presented at the 17th Annual Conference, 
ational Association of Corrosion Engineers, 
Buffalo, New York, March 13-17, 1961. 


550t 


current is restricted by the reaction rate 
at either the anode or the cathode (due 
to the limited availability of reducible 
ions, for instance) or by the electrical 
resistance of the circuit then the flow of 
current in the cell is said to be under 
anodic, cathodic or resistance control. 

Each anodic and cathodic reaction has 
its own unique potential, which may be 
shifted in one direction or another by the 
presence (or absence) of other chemical 
species, and which is a function of the 
reaction rate. Anodic and cathodic reac- 
tion rates and potentials can be repre- 
sented graphically by an Evans polariza- 
tion diagram, as in Figure 1. This dia- 
gram is simply a graph of reaction po- 
tential, vs reaction rate (current flow) 
and shows how the potential of the an- 
odic and cathodic reactions change as the 
rate of flow of current changes. A change 
in potential with a change in rate is 
called polarization. Anode reactions al- 
ways polarize in the cathodic direction, 
whereas cathode reactions polarize in the 
anodic direction. 

In Figure 1 the potential of a freely 
corroding metal surface is represented by 
E,, the intersection of the local anodic 
and cathodic polarization curves, and the 
local action current by I,. Application of 
an external current will cause the local 
cathodes to polarize in the anodic direc- 
tion as shown. That is, if an external 
current equivalent to I,-I, is applied the 
potential of the metal surface will shift 
to E, and the local corrosion current will 
be reduced to I,. If sufficient external 
current, I,, is applied to polarize the po- 
tential of the local cathodes to the poten- 
tial of the local anodes, E, — E, = O, no 
local action current flows and the 
prevention of further metal dissolution, 
or corrosion, by cathodic protection has 
been achieved. 

Several interesting things happen at a 
cathodically protected surface. By hold- 
ing the potential of the metal surface 
sufficiently depressed, that is, negatively 
charged, the escape of positively charged 
metal ions from the metal surface into 
the electrolyte is rendered difficult or 
impossible. Or in other words, metal dis- 
solution is prevented. Also, it should be 
noted that all of the cathode reactions 
listed above cause an increase in pH at 
the metal surface. This is beneficial in the 
case of an iron cathode, but may cause 
amphoteric metals such as aluminum and 
lead to corrode. Another important prac- 
tical result of cathodic protection, espe- 
cially in the case of sea water, is that an 
increase in pH at the cathode surface 
causes the deposition of films or catcar- 
eous coatings on the metal surface which 
impede the diffusion of oxygen, reduce 
cathode current demand, and under some 
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Abstract 

After a brief discussion of the principles of 
cathodic protection and the basic require- 
ments of a galvanic anode, anode require- 
ments are examined specifically in terms of 
the cathodic protection of iron or steel in 
an electrolyte of uniform characteristics. 

For sea water it is shown that it is de- 
sirable to limit the cathode polarization to 
a value less anodic than —1.1 v_ (vs 
Ag/AgCl). The advantages of a low poten- 
tial anode for the cathodic protection of 
iron under these conditions are discussed 
in detail in terms of circuit resistance, self- 
regulation, and cunrent distribution on the 
cathode. Other desirable anode character- 
istics such as current efficiency, current 
capacity per unit volume, and the effect 
of anode shape on anode current output 
are examined mathematically. The practical 
advantages and implications of, the above 
considerations are described. It is suggested 
that where cathode polarization controls 
current distribution on the cathode and 
regulates anode current output, a new 
concept can be advanced for the design of 
cathodic protection systems utilizing low 
potential zinc anodes, 5.2.2 


circumstances promote more favorable 
distribution of current on the cathode. 


The source of the external, protective 
current referred to above can be either 
impressed, that is, rectified AC or spe- 
cially generated DC, or galvanic. All 
things being equal the selection of the 
best source of protective current is usually 
based on economic factors. It is the pur- 
pose of this paper to describe the very 
real technological advantages of the low 
potential galvanic anode and to show 
how proper design can make use of these 
advantages and extend the range of use- 
fulness of zinc anodes for cathodic pro- 
tection. 


Desirable Anode Properties 


The most important factor to be con- 
sidered in the selection of a galvanic 
anode is the question of solution poten- 
tial. First of all, the solution potential of 
the chosen anode material must obviously 
be more anodic than the potential of the 





November, 1961 


More 
Cathodic 





Ec 
owl 
< 
aa 
4 
= 
2 & 
a. Ey 
A a a 
32 3 | 
ek a I; 
CURRENT ——> 


Figure 1—Typical anode and cathode polarization 
curves. 


TABLE 1—Galvanic Series in Sea Water’ 
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Magnesium 
LESS NOBLE i 


Magnesium Alloys 
Zinc 

Aluminum 25 

Cadmium 

Aluminum 17S 

Mild Steel 
Cast Iron 

Lead 

Brass 


opper 
Stainless Steel 


CATHODIC or 
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protected cathode surface. Secondly, the 
solution potential of the material must 
be stable and reproducible in the environ- 
ment in which the anode will be used 
(that is, the material must remain anodic 
to the cathode throughout the life of the 
anode and over reasonable changes in 
current demand). Thirdly, in the case of 
the iron or steel cathode, or any cathode 
surface having similar characteristics, the 
solution potential of the chosen material 
should desirably be less anodic than a 
specified maximum permissible cathode 
potential. This requirement is less obvious 
than the first two, but it is of great prac- 
tical importance. Other factors to be 
considered, which are discussed later, are 
anode current capacity and current 
efficiency. 


1. The Solution Potential of the Anode 
Material must be more Anodic than 


the Minimum Protected Potential of 
the Cathode. 


This is an obvious requirement for 
complete protection. It is mentioned 
here simply because whenever a metal 
other than iron is to be protected, gal- 
vanic materials other than magnesium, 
zinc and aluminum ought to be consid- 
ered. For instance, Sir Humphrey Davy? 
first reported on the use of galvanic iron 
anodes to protect copper in sea water. 
Then again, in the plants of The Con- 
solidated Mining and Smelting Company 
of Canada Limited at Trail, B. C., there 
is a rather unique application in which 
galvanic lead anodes are used to protect 
copper in a hydrofluosilfcic acid electro- 
lyte. In selecting a suitable anode mate- 
rial, reference may be made to a Gal- 
vanic Series. , 

The Galvanic Series shown in Table 1, 
differs from the conventional Electromo- 
tive Series in that it lists the metals and 
alloys in the order of their solution poten- 


tials when exposed in a particular envi- 
ronment (sea water in the case shown). 
These solution potentials are quite re- 
producible and are simply indicative of 
the steady state, irreversible reactions 
proceeding at the metal surface. It will 
be noted that the general arrangement of 
the Galvanic Series is much the same as 
the Electromotive Series but with some 
important differences. 

The solution potential of a zinc anede 
in sea water is about —1.05 volts, rela- 
tive to the Ag/AgCl electrode.@) Experi- 
ence has shown that iron polarized to 
—0.80 volt is cathodically protected from 
corrosion. Hence a zinc anode eoupled to 
a protected iron cathode in sea water has 
an effective driving potential of 0.25 volt. 


2. The Chosen Anode Material must be 
Capable of Reliable and Efficient 
Performance as an Anode. 


In practice this means that the com- 
position of the anode material must be 
so controlled and adjusted that the solu- 
tion potential of the anode does not 
change with time nor with changes in 
current demand. In other words, the 
anode must be capable of delivering the 
protective current required by the cath- 
ode as required. 

It is not the purpose of this paper to 
discuss the importance or the effect of 
composition on zinc anode performance. 
Suffice to say that a great deal of re- 
search has gone into this subject in recent 
years and that it has been conclusively 
demonstrated, especially in the case of 
sea water, that zinc anodes of controlled 
and proper composition remain active 
and do not change potential with the 
passage of time, and show minimum 
polarization with changes in anode cur- 
rent density. For detailed results the 
work of Teel and Anderson,? Crennell 
and Wheeler,*:5 Reichard and Lennox,® 
Carson, Phillips and Wellington,’ Wal- 
dron and Peterson, and Seo and Take- 
shima,® should be consulted. 


3. The Solution Potential of the Anode 
Material should be Less Anodic than 
a Specified Maxium Permissible Ca- 
thode Potential. 


It is found desirable in practice to 
limit the maxium cathode potential to a 
figure not much greater than the mini- 
mum protected potential of the cathode, 
from which it follows that a low poten- 
tial (difference) galvanic anode is to be 
desired. The several reasons why this is 
so are described below in detail, but all 
are derived from a consideration of the 
basic shape and nature of the cathodic 
polarization curve for iron as shown in 
Figure 2. As explained by Stern,!° this 
curve is the summation of two individual 
cathode reactions. The first reaction is 
the reduction of oxygen and the steep 
portion of the curve represents the limit- 
ing diffusion current for oxygen under a 
given set of conditions. Note especially 
that once the limiting diffusion current 
for oxygen is reached a small change in 
current results in a large change in ca- 
thode potential. This portion of the curve 





© Note: All potentials referred to in this paper 
are relative to the Ag/AgCl electrode. 
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will be displaced to the right or to the 
left with an increase or decrease in the 
availability of oxygen at the cathode 
surface. 

The second reaction is the reduction of 
hydrogen ions to form hydrogen. Note 
that if the potential of the cathode is held 
at a value more noble than the activation 
potential for the reduction of hydrogen 
ions then the only current consuming 
reaction that can take place on the cath- 
ode surface is the reduction of oxygen. 
That is, the availability of oxygen at the 
cathode surface will restrict the flow of 
current to the cathode and the over- 
all anode-cathode reaction may be said 
to be under cathodic control. The de- 
tailed implications of the shape of this 
curve and of the reactions represented by 
the curve on the selection of anode solu- 
tion potential are as follows: 


(a) Since an iron cathode is protected 
from corrosion at a potential of —0.80 
volt, a cathode potential more negative 
than this is wasteful of current. How- 
ever, not much current is wasted until 
the iron cathode is made more negative 
than —1.1 volts. At potentials more 
negative than —1.1 volts hydrogen is 
evolved in quantity and the iron cathode 
will accept an almost unlimited amount 
of current with little further change in 
potential. 


(b) Exceeding the hydrogen activation 
potential, in addition to causing hydrogen 
evolution, leads to a further increase in 
pH at the cathode surface as a result of 
the removal of hydrogen ions from solu- 
tion. These two effects, either sfhgly or 
in combination, generally cause rapid 
and drastic failure of any paint film on 
the surface of the cathode. Since a pro- 
tective coating on the cathode surface 
may be necessary to limit the cathode 
current demand to a reasonable figure 
(or for some other purpose, e.g., anti- 
fouling) paint film failure can result in 
a large increase in current, often far in 
excess of the capacity of the cathodic 
protection system to supply. 


(c) If the potential of the iron surface 
is maintained at a value less negative 
than —1.1 volts, then the reduction (of 
significant quantities) of hydrogen ion 
on the cathode surface cannot occur and 
the only current consuming reaction pos- 
sible is the reduction of oxygen. That 
is, the maximum amount of current that 
the cathode surface or any part thereof 
can accept, no matter how short the 
electrolyte path (how low the resistance) 
between the anode and the cathode, is 
equivalent to the limiting diffusion cur- 
rent for oxygen. Conversely, current dis- 
tribution on the cathode surface will be 
controlled by the availability of oxygen 
at the surface and where oxygen is uni- 
formly available current distribution will 
be uniform, up to some maximum dis- 
tance beyond which the available driving 
potential can no longer supply a current 
density equivalent to the limiting diffu- 
sion current for oxygen. 

The experimental validity of the role 
of oxygen in limiting cathode current 
consumption and controlling cathode 
current distribution for a lew potential 
anode is shown by the work of Nelson 
and Waldron.!! As shown in Figure 3, 


551t 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


«Limiting 
Current 


LOG CURRENT 


0.01 Ohm 
Shunts 


Diffusion 
For Oxygen 


— 


Figure 2—Typical cathodic polarization curve for iron. 
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Nelson and Waldron placed a segmented 
cathode in a wooden tank 10 ft 
long by 3 ft wide by 2 ft deep filled 
with 20 ohm-cm sodium chloride solu- 
tion. Provision was made for measuring 
the current to each panel when the 
cathode was directly coupled to a mag- 
nesium or aluminum anode. The results 
of the test are shown in Figure 4. The 
aluminum anode which like zinc is a low 
potential anode, produced a total of 137 
milliamperes and polarized all parts of 
the steel cathode to a protected poten- 
tial. Using an average figure of 7 milli- 
amperes per panel to polarize to —0.85 
volt, the authors calculate that a mini- 
mum of 133 milliamperes would be re- 
quired to polarize the entire cathode if 
current distribution on the cathode were 
completely uniform. That is, the low 
potential anode produced only 3 percent 
more current than was actually required. 
The current output of the magnesium 
anode to the same cathode was 2200 
milliamperes. 

For the above is desirable 
to limit the potential of the cathode sur- 
face to the range —0.8 to —1.1 volts. 
Within this potential bracket it is desira- 
ble to have available as large a driving 
potential as possible. Zinc, with a solu- 
tion potential of —-1.05 volts is ideally 
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Figure 4—Current distribution from anodes. 
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suited for use as a 
low potential gal- 
vanic anode. Any 
lower. solution 
potential would 
mean less driv- 
ing force and more 
anodes to deliver the required current to 
the cathode. The driving potential of 0.25 
volt offered by zinc is as close to the 
maximum allowable 0.3 volt as can be 
achieved with any commercially available 
galvanic anode. 

There is one further, important ad- 
vantage to be gained from the use of a 
low potential anode: self regulation. Self 
regulation is the term used to describe 
the inherent capacity of a low resistance 
circuit to adjust its current output over 
a wide range to the varying demands of 
the cathode surface while maintaining 
the cathode at a safe, protected potential 
at all times. Since the low potential 
anode will not waste current in over- 
protecting the cathode surface, no mat- 
ter how low the anode/cathode resist- 
ance, the design of the anode system can 
be aimed at achieving as low a circuit 
resistance as is desirable or is necessary. 
A low resistance circuit is possible only 
with a low potential anode. With a high 
potential anode it is necessary to so de- 
sign the system that the electrical resist- 
ance is high enough to limit the current 
flow to some value that will not cause 
excessively negative cathode potentials. 
A consequence of a high resistance cir- 
cuit, however, is a loss of the inherent 
self regulating characteristic of a low 
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Figure 5—Self-regulating characteristics of low resistance circuit. 


resistance circuit. These principles are 
illustrated graphically in Figure 5 but 
first may be explained in terms of Ohm's 
law as follows: 

The current flowing in a_ galvanic 
anode circuit is defined by Equation (1 
That is, 


E. — E, = IR. + IR I 


= IR 2) 


the polarized potential of the 
= the polarized potential of 
the anode, R, the resistance of the 
electrolyte path, R,, = the resistance of 
the metallic path, and R = R, + Ru; 
hence it follows that for a specific cur- 
rent demand I, 
if E.—E, is large, as for a high po- 
tential anode, R must be large 
if E, — E, is small, as for a low poten- 
tial anode, R must be small. 
If it is assumed there is only a very 
small change in E, with a change in cur- 
rent demand, Equation (2) may be re- 
written, 


where E, 


cathode, E, 


AE, = AIR oS) 


from which it follows that as I, the cur- 
rent demanded by the cathode, changes 
(due to deterioration of paint, seasonal 
variations in electrolyte characteristics, 
changes in velocity, etc.), 
if R is large, a change in I causes a 
large change in E, 
if R is small, a change in I causes a 
small change in E,. 
Thus, a desirable characteristic of a 
low resistance circuit is that it is self reg- 
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Figure 6—Theoretical current output of cylindrical 
anodes of various lengths at constant volume. 


ulating with regard to current output. As 
the current required by the cathode 
changes, the low potential anode responds 
to the new demand with a minimum 
change in the potential of the protecte:| 
cathode surface. As illustrated graphi- 
cally in Figure 5, where for convenience 
the IR drop of the circuit is shown as 
part of the anodic polarization curve, as 
the cathode current demand (Curve A) 
increases (Curve C) or decreases (Curve 
B) the low potential anode (Curve L) 
maintains the cathode at a safe, protected 
potential at all times. On the other hand, 
the high potential anode (Curve H) 
which must have its circuit resistance de- 
signed or adjusted initially to suit Case 
A, may overprotect if the current de- 
mand decreases and will underprotect if 
the cathode current demand increases. 

In summary, a low potential anode, 
which may be defined as one whose solu- 
tion potential is less anodic than a spe- 
cified maximum cathode potential, that 
is, where 


E. min > E, > E, max ! 


and, as exemplified by the zinc anoce, 
has the following advantages: 
‘a) Minimum wastage of current 


(b) No hydrogen evolution 


TABLE 2—Comparative Properties of 
Galvanic Anodes* 


ANODE 
| Alumi-| Mag- 
Property | num nesium | Zinc 
Theoretical: | 
Weight/Volume | | | 
Data | | | 
Specific Gravity..| 2.77 1.83 | 7.14 
Lbs/cu in..... | -10) -066} -26 
Cals/®........) 106, tr | 3.88 
Electrochemical | | 
Equivalents | 
Amp-hrs/Ib.. . | 1350 | 1000 ' “322 
Amp-hrs/cu in } 135 | 66 | 96 
Actual: 
Current Efficiency, | 
Percent | 54 50 | 95 
Electrochemical | | 
Equivalents | 
Amp-hrs/Ik......} 725 | 6500 | 353 
Amp-hrs/cu in... 72.5 | 31.5 91 
Lbs/amp-yr..... 12.1 17.5 | 24.8 
Cu in/amp-yr.... 121 | 264 96 
Solution Potential | | 
vs Ag/AgCl, volts —1.00 1.50 -1.05 
vs Cu/CuSOs, | | 
eee .-| —1.05 1.55 | 1.10 
Driving Potential | | | 
To Cathode | | 
Polarized...... ee: te < 
To —0.80 v (vs | 
Ag/AgCl), volts 0.20 0.70 0.25 


* Typical data for galvanic anodes in sea water, 
as reported by NACE Task Group T-3G-1. Alumi- 
num anode: Al-5% Zn. 

Magnesium anode: Mg-6% Al-3% Zn-0.2% Mn. 
Zinc anode: zinc alloys conforming to MIL-A-18001. 


(c) Uniform current distribution on 


; the cathode 


(d) A low-resistance, self regulating 
circuit 


4. Current Capacity of the Anode 
Material 


It is customary to describe the current 
capacity of anode materials in terms of 
ampere-years per unit weight rather than 
ampere-years per unit volume. However, 
only under special circumstances is the 
actual weight of the anode system of 
critical importance and more attention 
should be given to the effect of current 
capacity per unit volume on anode per- 
formance. A low current capacity per 
unit volume means, for a given life, a 
large, bulky anode. High current capacity 
per. unit volume means, for a given life, 
a relatively small anode. Small anodes 
are of substantial advantage in heat ex- 
changers and similar equipment in which 
the flow of liquid is less impeded and on 
the hulls of ships on which they produce 
negligible drag. As will be shown later, 
high current capacity per unit volume is 
a desirable property in that it results in 
a small change in anode surface area per 
unit of current produced. The smaller 
the change in anode size per unit of cur- 
rent produced, the smaller the change in 
anode-to-cathode resistance and the more 
stable the current output of the anode 
system. 


5. Anodic Current Efficiency 

For practical reasons, it is obviously 
desirable that the current efficiency of 
the anode material be high. As will be 
shown later, in order to achieve the low 
resistance circuit essential to the use of 
a low potential anode it is necessary to 
use relatively long, thin anodes with 
high surface-area-to-volume ratio. For 
such shapes, a low rate of self corrosion 
‘a high current efficiency) is essential. 


4 


Design Considerations 
Desirable anode properties have been 
described in terms of solution potential, 
current capacity and current efficiency, 
and the advantages of the low potential 
anode have been examined and discussed 


“In the discussion to follow, for the sake of 
brevity, reference is made only to concentric 
spherical and concentric cylindrical electrode 
systems where the inner electrode is the anode. 
However, what applies to a spherical or cylin- 
drical anode also applies to a hemispherical 
or hemicylindrical anode, or to any other seg- 
ment of the whole, where division of the anode, 
electrolyte and cathode is made by an insulating 
plane or planes. Thus, as a first approximation, 
an isolated anode fastened to the side of a ship 
could be considered to be acting as a hemi- 
sphere, or a long anode array on a painted sea 
wall as a hemicylindrical anode. 
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in some detail. That the zinc anode is 
especially well suited to fill the stipulated 
requirements is shown in the tabulation 
of anode properties presented in Table 2. 
How can these properties best be put to 
work in practice? The answer to this 
question is primarily one of anode shape 
and design. 


There are two basic anode shapes: a 
sphere’) or any blocky chunky shape 
that could be considered to act like a 
sphere; and a cylinder‘) or any rela- 
tively long, thin shape that could act like 
a cylinder. In actual practice many vari- 
ations in shape and geometry are possi- 
ble, but consideration of the character- 
istics of the two basic shapes, spheres and 
cylinders, will clearly indicate the pre- 
ferred anode shape. Anode shape or de- 
sign is important because it controls the 
anode-to-cathode or system resistance 
through its effect on the length and 
cross-section, and thus resistance, of the 
electrolyte path. 

The basic equations for the resistance, 
R, of the electrolyte paths for concentric 
spherical electrodes and concentric cylin- 
drical electrodes are, as reported by 


Shepard and Graeser.?? 


Spheres 
Cylinders 
R= eL In = 6 


where Pp is the resistivity of the eleciro- 
lyte (assumed to be homogeneous and 
infinitely large), r, and r. are the 
anode and cathode radii respectively, and 
L is the anode/cathode length. From 
these two basic formulae, together with 
Ohm’s law and the appropriate equations 
for anode volume, a number of interest- 
ing conclusions regarding the effect of 
anode design on anode current output 
and operating characteristics can be de- 
rived. 


1. Theoretical Current Output of Spheri- 
cal and Cylindrical Anodes at Cons:ant 
Anode Volume 


The first question is to examine the 
current output capability of the two basic 
shapes with a view to determining which 
is the preferred shape for a low potential 
anode. With only low driving voltage 
available the problem, in the simplest 
terms, is essentially one of determining 
which shape offers in some practicably 
obtainable anode arrangement the neces- 
sary low, anode-to-cathode resistance. 


TABLE 3—Current Output of Spherical and Cylindrical Anodes at Constant Anode 
Volume, to an Infinitely Remote Cathode 


Number 
Radius of Anode of Anodes | 
I 1 
yy ee she : 8 
PIM PL 3 idee eA mea Re aa ee 64 
r/6 me = alee ates 216 
r/8 As | 512 


Spherical Anode | 


Cylindrical Anode 








| Total Total 
Current Length Current 
Output | of Anode Output 
I L I 
| 41 | 4L | 41 
| 161 16L | 161 
361 36L | 361 
641 64L 641 
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The initial step in the layout of any 
galvanic anode system is to estimate the 
current I required to protect the struc- 
ture for the desired number of years t, 
and then to calculate the volume of 
anode material required, which is the 
electrochemical equivalent of I X t am- 
pere-years. The next step is simply to 
divide up or stretch out this volume of 
anode material so that it is capable of 
producing the current I under the re- 
quired conditions. The problem then is 
to rearrange Equations (5) and (6) to 
show how, at constant anode volume, the 
current output of a spherical anode sys- 
tem is increased by subdivision of the 
original volume into smaller spheres, and 
how, in the case of a cylindrical anode 
system, the current output can be in- 
creased by increasing the anode length 
with appropriate reduction in anode 
diameter. 

For concentric spherical electrodes, as- 
suming an infinitely large cathode, it 
follows from Equation (5) that 


(8) 
where I, is the current output of a sphere 
of radius r,, I, is the current output of n 
spheres of radius r, and E is the driving 
voltage. Now at constant anode volume, 
that is, where V,= nV. then 


= == 2/3 (9) 
1 
For concentric cylindrical electrodes, 
assuming that the anode and cathode are 
always of equal length, it can be shown 
from Equation (6) that 
iL Lyinieeye;) 
i,  My-Beltdstic) 
where I, is the current output of an 
anode of radius r,, and length L, to a 
cathode of radius r, and length L,, and 
I, is the current output of an anode of 
radius r,. and length L, to a cathode of 
radius r, and length L.. 
At constant anode volume, where V,=V, 
then 


(10) 


— = ] — — - 
In ( L/L, ) 


(11 


Zin(t./T..) 


= 2. where r, = © (12 
I, L, eee 
The above calculations ignore interfer- 
ence effects, end effects, etc. But the dif- 
ference in the two anode geometries, as 
tabulated in Table 3 shows, for the case 
of an infinitely large cathode, that the 
current output of a cylindrical anode is 
increased 64 times if the anode length is 
increased 64 times and the diameter re- 
duced proportionately (to 4%). To ob- 
tain a similar increase in current output 
from a spherical anode system would re- 
quire subdivision of the original volume 
into 512 spheres. Clearly it would take 
far less effort to dispose of an anode 
system only 64 units long than of more 
than 500 individual spherical anodes. 
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Figure 7—Change in electrolyte path resistance for spherical anodes with 75 percent decrease in volume 
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Figure 8—Change in electrolyte path resistance for cylindrical anodes with 75 percent decrease in volume 
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Re-examination of Equation (11), 
which is plotted graphically in Figure 6, 
will confirm that for an infinitely large 
cathode an increase in length of a cylin- 
drical anode shape at constant volume 
results in a proportionate increase in 
current output. Even for the practical 
case where cathode diameter is say 100 
times anode diameter the penalty for the 
resulting decrease in anode diameter is 
small. In practice, doubling the length 
of a relatively short cylindrical anode 
will not, of course, double the current 
output because of the contribution of 
end effects. However, the important point 
is that with relatively long cylindrical 
anodes or anode arrays, because the re- 
sistance to remote earth of the anode is 
inversely proportional to the length of 
the anode and is only slightly increased 
by a marked decrease in anode diameter, 
one can, for the same volume of anode 
material, increase the current output by 
increasing the length of the anode. It 
therefore becomes possible to choose in- 
dependently the desired anode life, which 
is proportional to anode volume, and 
anode current output, which is propor- 
tional to anode length. 


2. Effect of Decreasing Size on Electro- 
lyte Path Resistance for Spherical and 
Cylindrical Anodes 
A desirable characteristic of any chosen 


anode material and shape would be that 
a decrease in anode size, as a result of 
anode dissolution would result in mini- 
mum increase in resistance of the electro- 
lyte path. Thus, as noted under 4 in the 
preceding section, the current capacity 
per unit volume of the anode material is 
an important factor. Zinc, as shown in 
Table 2 has the highest current capacity 
per unit volume of any commercially 
available anode material. A high current 
capacity per unit volume means, for each 
ampere-year of protection delivered to 
the cathode, the zinc anode system will 
show only a small decrease in anode size 
and corresponding small increase in 
anode-to-cathode resistance. The effect 
of anode shape on the increase in anode- 
to-cathode resistance with dissolution of 
anode material is of critical importance 
because the major portion of the electro- 
lyte path resistance is in the area of 
highest current density close to the anode. 

For concentric spherical electrodes, by 
rewriting Equation (5) it can be shown 
that the change in resistance of the elec- 
trolyte path as the anode decreases in 
size is: 


Ri—R, _ 4R _ [ 1| [—— 
~« -_— = feos 


(13) 


where R, and R, are the resistance of the 
electrolyte paths for anodes of radii r, 
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and r, respectively. Substituting for r,/r., 


ete 


(14) 


and for the special case where V,/V, = 4, 
that is 75 percent of the anode is dis- 
solved, 


A 
AR = 0.587 a 


Ki re— (15) 


which is plotted graphically in Figure 7. 


A 
Equation 15 and Figure 7 show that a 
1 


will be a minimum for the case where 
r, = ©, and that the percentage increase 
in resistance of the electrolyte path, for 
r.== ©, is independent of the initial 
anode side and approaches a minimum 
value of 58.7 percent. 

For concentric cylindrical electrodes, by 
rewriting Equation (6) it can be shown 
that the change in resistance to the elec- 
trolyte path as the anode decreases in 
radius and where L remains constant is: 


R,—R, _ AR In(r,/r-) 
R, — R, In(r./r;) 


where R, and R, are the resistances of 
the electrolyte paths of anodes of radii 
r, and r, respectively. Substituting for 


r,/T2, 


(16) 


AR _ In(V,/V:) 
R, —2In(r./r;) 
and for the special case where V,/V, = 4, 


that is, 75 percent of the anode is dis- 
solved, 


(17) 


0.301 

log te = ERUR, t 98 r (18) 
for which a family of straight lines may 
be drawn as shown in Figure 8. Equation 
(17) and Figure 8 show that, for a cyl- 
indrical anode of fixed length, the in- 
crease in resistance of the electrolyte path 
with a decrease in anode diameter, 


(1) Is dependent on the ratio r,/r,; 


(2) Approaches 0 as r,./r, approaches 
co . 

(3) Is reduced, for a fixed value of r,, 
as the initial anode size r, is reduced; 


(4) Is, within practical limits and for 
75 percent reduction in anode volume, 
10-25 percent. 


In summary, it has been shown ‘hat the 
increase in resistance of the electrolyte 
path, for 75 percent dissolution of the 
anode, is 60 percent or more for spherical 
anodes and 10 to 25 percent for cylindri- 
cal anodes. Thus, a cylindrical anode is 
to be preferred to a spherical anode be- 
eause the change in resistance as the 
anode metal dissolves is less and the 
capability of the cylindrical anode to put 
out current, as it nears the end of its 
useful Jife, is not unduly decreased. 


3. Practical Design Considerations 

The preceding discussion has indicated 
that a low potential anode must be rela- 
tively long and small in cross-section in 
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order to be useful. Such shapes provide 
minimum anode-to-cathode resistance 
(per unit volume of anode material), and 
minimum change in resistance with anode 
dissolution; also they take advantage of 
zinc’s high current efficiency. That is, 
wherever the anode is a relatively long, 
thin shape with high surface-area-to- 
volume ratio, then it is important that 
the rate of self corrosion to the anode 
material be low. Fortunately, for zinc, 
this is so. 

In passing it might also be noted that 
an important practical requirement for 
an anode material is that it be easily 
fabricated into all the various forms and 
shapes in which the anode may be re- 
quired, Again, with zinc, this is so. 

A very practical advantage of the low 
potential anode is that it can be affixed 
directly to the cathode surface. As pointed 
out under 3(c) in the preceding section, 
with a low potential anode the maximum 
current density on any part of the cath- 
ode surface is determined by the limit- 
ing diffusion current for oxygen. Thus 
the current density on the cathode sur- 
face immediately adjacent to the anode 
will be essentially the same as the cur- 
rent density at some distance from the 
anode, depending on the exact slope of 
the cathodic polarization curve. There is, 
therefore, no wastage or excessive dissolu- 
tion of anode metal immediately adjacent 
to or in contact with the cathode surface. 
This point is of course of great practical 
importance in that direct mounting of a 
zinc anode on the cathode is simple, 
rugged, foolproof and inexpensive. No 
special shielding of the anode or cathode, 
supporting brackets, or of copper lead 
wires is required. 

It will be readily appreciated that the 
properties and characteristics of the low 
potential zinc anode as described above 
go a long way towards solving the corro- 
sion engineer’s cathodic protection prob- 
lems. As desirable as these advantages 
may be, in the final analysis, the choice 
of cathodic protection systems, of anode 
material, will be based very largely on 
cost. It is therefore important that cost 
comparisons between systems be on a 
proper basis, which is the unit of protec- 
tion, the ampere-year. Figure 9 is de- 
signed to show, for the common galvanic 
anode metals, the cost in terms of $/ 
ampere-year if the cost in ¢/lb of anode 
metal, or more properly, of anode metal 
installed, is known. Similarly, the cost of 
impressed current systems, for installa- 
tion, amortization, maintenance and op- 
eration can be expressed in terms of $/ 
ampere-year. However, whenever a cost 
per ampere-year comparison is made it 
should be borne in mind, especially when 
the cathode current requirement is only 
estimated, that the low potential zinc 
anode will never put out more current 
than the cathode actually requires and 
that all of the current produced will be 
used at maximum efficiency. 


Summary 


From the foregoing discussion it is 
clear that the design of cathodic protec- 
tion systems based on low potential zinc 
anodes is greatly simplified due to the 
inherent self-regulating characteristic of 
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the low potential anode. With a high po- 
tential anode it is desirable to neither 
underdesign nor overdesign. With a low 
potential anode the designer need con- 
centrate only on avoiding underdesign 
through the use of a suitably low resist- 
ance circuit. A low resistance circuit is 
readily attainable in a practical, efficient 
and economical manner by the use of 
relatively long, thin cylindrical anodes 
and anode arrays. Because the anode/ 
cathode resistance of a cylindrical anode 
is inversely proportignal to anode length 
and is little affected by changes in diam- 
eter, a preselected volume of anode ma- 
terial can be adjusted in length to give 
any desired anode/cathode resistance. 
The lower the anode/cathode resistance, 
the greater the capability of the system 
to produce current. However, due to the 
self regulating property of the low po- 
tential anode, the system will produce 
only the current actually required by the 
cathode. It is entirely feasible, therefore, 
in the design of cathodic protection sys- 
tems utilizing low potential zinc anodes 
in the form of long cylindrical arrays, 
independently to select anode life and 
anode current output. If a large current 
is required a long anode is used; if a 
short life is desired an anode of small 
cross-section is used. 


This flexibility in design can be further 
used to advantage in the following man- 
ner: there is a tendency to overestimate 
cathode current requirements in the de- 
sign of cathodic protection systems in 
order to guard against underdesign. Here 
the low potential zinc anode offers a two- 
fold advantage: When calculating the 
volume of anode metal required, use the 
average or minimum estimated current 
demand; when calculating anode length, 
use the maximum estimated current de- 
mand. This procedure will result in the 
design of a system that has the capability 
of supplying the maximum cathode cur- 
rent requirement when required, and at 
the same time will result in the installa- 
tion of the minimum quantity of anode 
material required to yield the desired life. 
Advantage also can be taken of the ability 
of the low potential zinc anode to pro- 
duce very large currents when working 
against an unpolarized cathode, to obtain 
the benefits claimed for “prepolarization” 
of the cathode. 

In conclusion, it is suggested that a 
fuller understanding and appreciation of 
the properties and operating character- 
istics of low potential zinc anodes will 
lead to new and simplified methods for 
the design of anode systems. Much in- 
formation has been published on the 
effect of anode spacing and arrangement 
on cathode current distribution for high 
potential anodes (galvanic or impressed). 
In all this work it has been necessary to 
ignore the role of cathode polarization, 
because of the difficulties involved in 
treating the problem mathematically; all 
calculations have dealt solely with the 
role of electrolyte resistance in control- 
ling current distribution on the cathode. 
With the low potential anode the 
problem is basically quite different. Here 
cathode polarization alone governs cur- 
rent distribution on the cathode and 
electrolyte resistance is of interest only 
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Figure 9—Cost of cathodic protection vs anode cost. 


insofar as it limits the maximum distance 
over which some minimum cathode cur- 
rent density can be delivered. It is be- 
lieved that an approach along these lines 
to the design of zinc anode systems will 
yield interesting and useful results. 
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APPENDIX—Cost of Cathodic Protec- 
tion—How to Use Figure 9 

To compare cost of protection of dif- 
ferent anode metals: enter graph on left 
hand side at cost of anode, expressed in 
¢/lb, and below intercept on appropriate 
line read cost of protection in $/amp-yr. 
Example: a zinc anode at 20¢/lb is = 
$5.00/amp-yr; a magnesium anode at 
50¢/Ib is = $8.75 amp-yr. 


To compare cost of protection of dif- 


ferent anode systems: to cost of anode 


0D UU ® 
$/Amp.-year 


metal delivered at site in ¢/lb add cost 
of installation expressed in ¢/lb of anode 
metal. Example: assume that one ampere- 
year equivalent of zinc or of coated mag- 
nesium will protect a heat exchanger for 
one year and that cost of installation is 
$25. Zinc system: cost of anode = 40¢/Ib. 
Cost of installation = $25.00/24.8 = 
101¢/lb, total cost of zinc anode system = 
141¢/lb = $35/amp-yr. Magnesium sys- 
tem: cost of anode = 100¢/lb, cost of 
installation = $25.00/17.5 = 143¢/lb, 
total cost of magnesium anode system - 
243¢/lb = $42.50/amp-yr. 

To compare cost of protection of im- 
pressed current and galvanic anode sys- 
tems: express cost of impressed current 
system in terms of $/amp-yr (i.e. annual 
operating and maintenance costs plus 
allowance for amortization divided by 
cathode current requirement in amperes 

= cost of protection in $/amp-yr). Enter 
graph at cost of protection, in $/amp-yr, 
for impressed current system and opposite 
intercept on appropriate line read cost of 
different galvanic anode systems in terms 
of cost per pound of anode metal in- 
stalled. Example: estimated cost of im- 
pressed current system = $12/amp-yr 
which is equivalent to an installed anode 
cost of 48¢/lb for zinc, 69¢/lb for mag- 
nesium and 99¢/lb for aluminum. 
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It’s different! a completely new 


ANODE MATERIAL 


Developed after years of extensive research for 


the cathodic protection of piers, off-shore 


drilling rigs, heater-treaters, or any structure 
employed in or handling salt, brackish, or high 
temperature fresh water 


THE RESULTS 
OF TESTS 


DURICHLOR 51 anodes weré 
releas or field trials until a 
they had passed, with complete 
Satisfaction, extensive 

tests in environments known to 
Cause either severe general or 
localized attack on existing 


materials. After all laboratory 


Operating conditions knowr 
too severe for existing metallic 
and non-metallic anodes. There has 


et 


been no indication of any selective 
attack in any of the field tests 

2d; and in general, these tests 
have substantiated ratory data 
Significantly, in some cases, the 
DURICHLOR 51 anodes have been 
in service approximately one year 
showing no sign of selec 
attack in applications where other 
materials have failed in as short 
a time as two months. 


THE DURIRON COMPANY, 
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DEVELOPMENT 
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The introduction o 
high silicon iron alloy, 
DURIRON, as an anode 
naterial in 1954 
extended the 

cation 
protection into 
where it had not 
previously been 
economically feasib 
There were environments, 
however, in which 
neither DURIRON nor the 
molybdenum containing 
alloy, Durichlor, were 
completely satisfactory. 
Research was begun 
back in 1954 in the 
DURCO laboratories. The 
alloy that showed the 
most promising results 
as it progressed through 

aboratory had 
been designated D-51X 
When field trials were 
begun, the material 
was referred to as 
DURCO D-51. Now that 
all test data prove its 
merit, the material is 
made commercially 
available as 
DURICHLOR 51. 


INC., DAYTON 1, OHIO 


AREAS OF 
APPLICATION 


DURICHLOR 51 was 
developed as an anode 
material for application 
mpressed current cathodic 
protection in aggressive 
salt and brackish waters, 
high temperature fresh 
waters, and in chloride 
containing soils where 

the chlorine generated at 
the anode surface was not 
free to permeate to the 
surrounding environment 
Structures include steel 
support members for 
terminals, docks, off-shore 
drilling rigs and others 
exposed to sea water 
heater-treaters, water box 
coolers, industrial hot 
water tanks, and similar 
fresh water applications; 
and pipe lines, storage 
tanks, well casings, and 
yther underground 
structures 
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three ways Corban helps cut 
secondary recovery costs 


Many producers are cutting expenses of secondary 
recovery projects by using Corban®, Dowell’s family 
of versatile, low-cost corrosion inhibitors. Corban helps 
reduce costs in three important ways: 

FIRST, Corban greatly extends the life of tubular 
goods by retarding corrosion. This holds true for surface 
lines as well as downhole tubing. 

SECOND, Corban works two ways to reduce forma- 
tion plugging. It reduces the formation of insoluble iron 
salts—a result of corrosion—that is a serious cause 
of formation plugging. It also acts as a detergent to 
help disperse organic deposits. In most fields, Corban 


helps increase water injection rates and/or decrease 
injection pressures. 

THIRD, Corban reduces sucker rod failures caused 
by corrosion. Sucker rod life has been lengthened 
dramatically when treatments using Corban were begun. 


Corban also helps control corrosion in gas wells, 
flowing oil wells and salt water disposal projects. Twelve 
different formulations are available to meet a wide 
range of well conditions. Ask your Dowell representative 
for full information. Dowell services and products are 
offered in North and South America, Europe, North 
Africa and Iran. Dowell, Tulsa 14, Oklahoma. 
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